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BREEDING STUDIES ON DAIRY CATTLE 


Dairy-cattle breeding experiments were initiated by the Bureau of 
Dairying in 1918 with the object of determining what method of 
mating would give the most uniformly good results in the transmis- 
sion of large milk and butterfat producing ability. These experi- 
ments included the comparison of line breeding with outbreeding, 
also of close inbreeding with outbreeding. Another project was the 
use, for generation after generation, of sires which have shown by the 
producing ability of their daughters that they are prepotent in trans- 
mitting the capacity for uniformly high milk and butterfat produc- 
tion. In addition to these experiments, studies are being made of 
the inheritance, for milk and butterfat production, of the animals in. 
the advanced registry and register of merit of the dairy breeds. 

The last-mentioned research has included a genealogical study to 
determine what families are most likely to transmit large milk and 
butterfat production (2).1 Such studies, however, give very little 
information on the laws governing the transmission of milk and 
butterfat producing ability. In the following pages a study is made 
of the comparative milk and butterfat producing ability of the 
daughters, compared with their dams, of each Holstein-Friesian sire 
having six or more daughters with yearly records, all out of dams also 
having yearly records. ‘This includes all sires on record up to and 
including volume 29 of the Advanced Register Yearbook.? 


1 Figures in italics in parentheses refer to ‘‘ Literature Cited,” p. 32. : sb enki 
2'The writer desires to give credit to T. W. Gullickson, formerly with this bureau, for compilations in 
connection with the studies presented in this bulletin. 
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SCOPE OF THE STUDY 


The following questions are discussed in this bulletin in connection 
with the comparative records of daughters and their dams, which are 
given in Tables 2 to 25, inclusive. 

1. What is the method of inheritance of production of milk and 
butterfat in dairy cattle? Is it through the Pickett determining pro- 
duction, contributed by each parent? Is it a blending inheritance— 
are the records of the daughters of a sire an average between his 
inherent transmitting ability and that of the dam of the daughter? 

2. Can a sire be prepotent or dominant in impressing his charac- 
teristics, or his standard of production, on his daughters regardless 
of the standard of production of the dams of those daughters? 

3. Can a sire be prepotent in influencing both the milk yield and 
the percentage of butterfat? 

4, What influence has the dam’s producing ability and the method 
of breeding on the prepotency of the sire? 

5. Which parent has the greater influence on the yield of milk? 
Which has the greater influence on the percentage of butterfat in the 
milk? Is this percentage of butterfat correlated with or independent 
of the milk sacldi 

6. Which is the greater sire—ene that sires daughters capable of 
making much larger records than their medium-producing dams, or 
one that sires daughters capable of slightly larger, or, at least, as large 
records as their high-record dams? 


HOW THE SIRES WERE SELECTED 


In the list of 126 Holstein-Friesian sires given in another study (1) 
just 20 sires had 6 or more yearly record daughters whose dams _ also 
had yearly records. There were only three other sires in the breed, 
outside the above-mentioned list, up to Volume 29 of the Advanced 
Register Yearbook, that came within the category mentioned. The 
records of the daughters of these 23 sires, compared with their dams’ 
records, provide the best material available in the Holstein-Friesian 
breed for the study of the transmitting ability of the sire. In choos- 
ing these sires for study the minimum number of six daughters was 
decided upon because it was felt that this number was the smallest 
which could be used in drawing conclusions relative to the correlation 
between the production of the daughters of any one sire and the pro- 
duction of their dams. 

In checking over the records of the daughters of these 23 sires it 
was found that 1 of the 6 daughters of 1 sire had a record of 568.3 
pounds of butterfat in 305 days, while her dam’s record was 350.8 
pounds of butterfat made in 207 days. These records did not offer 
a fair comparison and were not included. Consequently, one of the 
sires appearing in the records has only five daughters with yearly 
record dams. ‘Three of the 23 yearly record daughters of another 
sire were taken out for the same reason. : 

To facilitate the study of the comparative records of the daughters 
and their dams, the milk as well as the butterfat was computed to 
maturity, when the records were made under 5 years of age. Table 
1 gives the percentages and ages used in calculating records to 
maturity. 


- TRANSMITTING ABILITY OF HOLSTEIN-FRIESIAN SIRES 5 


TaBLE 1.—Ages and per cent used in calculating production records to maturity 


Piette ewe 
recor MY recor 
Age, calculated to nearest whole month equiva- Age, calculated to nearest whole month | ¢ quiva- 

. lent lent 

Per cent! Per cent} 

Band wWUNnader 24, VearSes saa ee ee sae KONO to 4@ar dyin Gens VearSe see ee reer 87.5 
244 and under 21% years_________-_------ 72.5 || 4and under 414 years____________...___- 90. 0 
2 and under 234 years______.-_-_--__-- 75.0 || 444 and under 4% years._____-_-__.-.-_- 92.5 
27and under 3 years. 2 os ee ee Cis Al CLA chaclpbaverync SA wee 95.0 
Sand! under 324 years. 3228 22 S000) 4340and under 5 yearsooo2222 028 ee 97.5 
314 and under 314 years________..___-___- SORT nOMVeCAT Saal CON Cee ssa ese iie nee ean 100. 0 
34% and under 334 years___..-.---------- 85. 0 


1 The percentages used for calculating records to maturity correspond very closely to the percentage 
differences of the average production in the various classes for the Holstein-Friesian breed. Aside from 
the corrrection for differences in age, other factors that might cause variation between the records of the 
daughters and their dams, such as number of times-milked per day, were not considered, as the information 
is not available. 


PRODUCTION RECORDS OF DAUGHTERS AND THEIR DAMS 


Table 2 shows detailed production records of the daughters of these 
23 sires, together with the production of their dams; the dam’s record © 
in every case is given on the same line as that of her daughter. 
Averages are stated also, to facilitate comparison. Other figures show 
the average quantity of milk, percentage of butterfat, and pounds 
of butterfat by which the daughters exceed their dams or are exceeded 
‘by theirdams. Plus and minus signs indicate excess or deficiency of 
the average daughter’s performance compared with the average dam’s 
performance. 

The object of the investigation was to study the hereditary trans- 
mission of production, not to point out the good or the poor sires of the 
breed; hence the sires in these lists have been designated by letter 
and not by name. ‘The records are arranged in the order of the 
daughters’ butterfat records, beginning with the highest record. 


Tasur 2.—Production records of daughters and their dams 


~ 


SIRE A 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent | Pounds | Pownds | Per cent | Pounds 
LSE 5 a es ap pera ee pO EI Ss 2 aaa 22, 757.0 3. 43 779. 7 | 10, 928.3 3. 30 361. 4 
22! 2} i Is SS i Ae tie Sy cat fe ee Ae 2 DDO 2, 3. 21 723.1 | 18, 290. 1 3. 03 554. 7 
035 1 a SU ine me ep cb eg al ee 21, 260. 8 3. 20 678.6 | 18, 285. 0 3. 40 451.8 
6 NES ARR oe DO TS PO er 1S SE 16, 266. 0 3. 47 564. 7 | 17, 287.3 3: 32 575. 0 
Eye A SIE RK ty SRE RUINS gtr Ae ed BS J 15, 079. 7 3. 60 543. 4 | 12, 533. 4 3. 12 391.8 
IAV-GTALCOLD 22. oe ee be a 19, 575. 7 3. 36 657.9 | 14, 464. 8 3. 23 466. 9 
Increase (++) of daughters over dams-_-_-_-- +5, 110.9 Fs oO DUES Seed aa el 9) es 0 PN I ee | ene Mo 
iPercentincreases- 0. eee. fe ee +35. 3 =F A)8 Ol |e ois Silben ehe earn | oe el 


+4. 02 | 
| 


Four daughters exceeded dams in milk. 
Four daughters exceeded dams in buitterfat. 
Four daughters exceeded dams in percentage of butterfat. 
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TasBLE 2.—Production records of daughters and their dams—Continued 


SIRE B 


Daughters Dams 


Milk Butterfat Milk Butterfat 


Pounds | Per cent Pounds Pounds | Per cent | Pounds 


[be SC is ee eer eaters Sev geste ey To Pash VCE 3. 39 970.5 | 14, 552.4 3. 44 501.6 
Neate Rn ee ee 5 ET Een. eae 23, 924. 4 3. 81 912.1 | 20, 202.9 sis 674. 6 
eR er et Uy oS aN ee a Oe 22, 674.8 3. 74 848. 8 | 17, 066.8 33 GY/ 610.1 
Ames tees oe AE eS ee 22, 235. 3 3. 69 $21.2 | 14, 454.0 3.19 462.1 
Li a OES, See eee ene Oe ay Eee eek ee TE 23, 840. 9 Shay 804.5 | 16, 508.6 3. 39 560.8 
se ast AS Se et tg ai ON a eS ere 22, 817.1 3. 43 784. 2 | 17, 046.4 3. 08 526.3 
U (ia RES ORE AER IESE Tee RE em Sa ee 21, 539. 7 3. 45 745.0 | 20, 105. 1 3.36 676.1 
Reena ROTTS ae Prue eae eee aA 23, 265. 9 Oseled 738.6 | 14, 245. 7 3.14 448.5 
(OV ee ta fe oat el Shs Ni © One Sees has eS 20, 622. 8 Sys 727.5 | 20, 202.9 3.33 674. 6 
FUG ee pe Waa eed igre eee eel ey aenegoe 18, 520.6 Su (Al 688.3 | 18, 125.0 3. 66 663. 7 
NL a> ks eae: oe eS ee AER Ae eae ee eS ee eee are Se 18, 724.7 Saco 623241215" 655s 3. 35 525.9 
1 IO aM Sage ec Os tee Sota ys Si rape ee 13, 959. 4 3.71 517.9 | 17, 597.7 Sale 658. 0 
11S Se ies ae a ek es SC ea AE act 15, 857. 8 3.19 506.1 | 17, 027.3 BRS) eae eyes 

AVeGrave Of 1322 Sea ie ae eS 21, 273.8 3. 50 745.3 | 17, 138.5 3. 39 581. 5 
Increase (+) of daughters over dams___-_-_ +4, 135.3 “E0510 | S163 h8H i ee Ee | 
Percent in Crease sas) ee ee +24.1 +8. 24 =+2852) |o Ss. 82 20 ee ee F 


Eleven daughters exceeded dams in milk. 
Eleven daughters exceeded dams in butterfat. 
Eight daughters exceeded dams in percentage of butterfat. 


SIRE C 
es eee ss ERAS Se ie er he Ree ee ee eee 26, 497.6 2. 46 917.4 | 21, 309.5 3. 42 730. 7 
SmI NOR fips ne NN TE ae ny eC 22, 498. 2 5. 97 \ 893. 4 | 17, 577.1 3. 26 574.5 
03h a a a ee eee Oe ee ee. eee nol ek | 25, 059. 6 3.42 891.6 | 23, 714.2 3. 76 892. 7 
Ser ata es Bi eS Ie cea ye ee 20, 147.3 4 28 S6257 |) Lon (bos 3. 76 404.5 
Fy AR Cote ge i Ph Sh le SR Baie te eee Se 24, 055. 5 3. 43 825.8 | 18, 048. 2 3. 51 635. 6 
eee eS EY ee Bre rs SS ee eh ee 23, 625. 1 3. 32 784.5 | 19, 410.7 3. 26 633. 1 
FLL RS EA ee I aes en eee Ree AAC) 23, 238. 1 3.35 779.9 | 17, 958.6 Sh3/ 605. 5 
oem 2 AIS aera AES FS Sts oe ES Se eee 21, 928. 2 3. 54 777.6 | 20, 255. 9 3. 62 735. 2 
OURS Se ot phe ec A Pak ee raps hs Pee ee 2 21, 650. 7 3. 58 775.7 | 20,255. 9 3. 62 735. 2 
Li) ee SSS wee nS nel ee eee 20, 454. 6 3. 60 738.0 | 17,367. 8 3. 39 588. 9 
LEER Be gt Ls yr Pst es ete 17, 225. 0 3. 50 604. 1 | 17, 958.6 Seev! 605. 5 
AG se se OS i ae ar Sp tr ee SE ee Se 17, 504. 9 3. 36 588. 6 | 19, 410. 7 3. 26 633. 1 
FAVGLAGe/Of U2sshe- nie ee a Os 22, 074. 6 | 3. 56 786. 6 | 18, 670. 2 3. 47 647.9 

Increase (+) of daughters over dams__._-- +3, 404. 4 0:09 jn EIS SAF pe oon oa ae eee ee 
PET-CeNLANGChCASCese eae a eee eat +18. 2 | +2. 59 +21.4 ientamcel tees = pe 

Ten daughters exceeded dams in milk. 

Nine daughters exceeded dams in butterfat. 

Seven daughters exceeded dams in percentage of butterfat 

SIRE D 
1 il ea ae a tacaae ae mee ne a eS erm se he | 28, 753. 6 2. 93 | 844.0 | 18, 882. 7 3. 03 572. 4 
Dee apg Ose A ap eS ey age) a Ree | 24, 450. 6 3.13 767.0 | 17, 703.8 3. 62 642.1 
Gar ia Foo pes as ae I BAN le Sop Fe | 21, 647.5 3. 43 744.1 | 24, 397.1 3. 46 846.3 
Ge Se oe eS SSE Se epee re SA eae ee ; 19, 988. 9 3. 56 712.8 | 14,022. 4 3. 45 485. 0 
Life Aare oy a Sn OM eS Fak IN hy we | 21, 379. 2 Bay 711.9 | 23, 027.2 2. 76 637.5 
Gg Es aN aaa peed eames pel ee oe 21, 308. 1 3. 16 675. 0 | 16, 577.1 3. 14 520.9 
Cae ee ee ee ees ee Le eh ee 21, 564. 5 3:10 670.4 | 18, 138.2 3. 00 544. 4 
SG cece ee Se See eal | RE Dee, Sie eid ieee ee ee 17, 529. 1 See 565.2 | 14, 058. 5 3. 02 425.1 
2 ee yee ae ee ee Ce ees = 15, 540. 4 3. 26 507.7 | 11, 425.9 3. 39 388. 2 
AV CTA OL OF ae aE a eee ee PAL Biles 3 3 688. 7 | 17, 580.9 3. 20 562. 4 

Increase (+) of daughters over dams______/+3, 770. 4 = 0203:-15 “R126. 3 ese ts ee ae ee ee 
Percent increase <== 2 S25 23 Ses seceecce +21. 4 +0. 94 FBP ot eae cel eset lgpeace Rie 


Seven daughters exceeded dams in milk. 
Eight daughters exceeded dams in butteriat. 
Four daughters exceeded dams in percentage of butterfat. 


. 
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TasuE 2.—Production records of daughters and their dams—Continued 
SIRE E 


Daughters Dams 


Milk Butterfat Milk Butterfat 


Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 


i Sapo tes ee a pe Ns SLE 2 DES Se ee Ss 24, 941.0 3. 73 930. 3 | 19, 5389. 4 3. 24 634. 4 
Dre See pac aap seen: See ker elas dette ie yaaa, 26, 949. 8 3. 33 899.5 | 22, 377.0 3. 05 684. 6 
SAS leeeaceeces ean NS ee wD oe SS Ee aa 24, 872. 1 3. 19 794.3 | 22, 377.0 Bb OF 684. 6 
Aas Sy ag gs ps as et) ys SD a ea 25, 301. 6 2, 92 739.2 | 22, 377.0 3. 05 684. 6 
ba eS es el SE ee a ee 17, 684. 0 3. 91 691.6 | 17, 173.9 3. 9P 670. 5 
(TS eae apg eh ee a Ow a iS 21, 056. 1 3. 07 648. 4 | 16, 422.0 3.79 622. 4 

AVieracevOn Gi.2 ie sar see ek: 23, 467. 4 3. 34 783.9 | 20, 044. 4 Bysll 663. 5 
Increase (+) of daughters over dams--_-_._|-+-3, 423. 0 ac Os Os alieecfoL DONA lei cccs tem cn ALIS spc | ee aie mae 
Percent increase: yl eee eee Wa +17. 1 +0. 91 Ey Uh La gers ll ON era ee 


All daughters exceeded dams in milk. 
All daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 


SIRE F 
% 1 
I a pect eect ah se sw aps shawn BNE nly. ee 26, 692. 2 4.04] 1,079.8 | 20, 847.6 3. 98 830. 2 
JS Srtat ay EU Ny athe oa oS 7,290) Rin SM nc GS cel 28, 316. 8 3. 07 871.6 | 19, 048. 5 3. 34 636. 9 
Cie A a A es all Dae tcl ca tac RE ORCL 23, 061. 2 3. 58 826.0 | 18,177.8 B78 678. 3 
CE eg OE as UNIAN ee NS 21, 029.1 3. 60 758. 4 | 16, 366. 3 3. 55 581. 2 
a) OA a a Gy OR aD Sa a nO et ESN ey LNT ABS 21 Olid 3. 45 745. 7 | 25, 455. 7 3. 04 THO 
Geek Ga Saar BHP, Peto creeaiegr chen Choe Meee naan 19, 781. 7 3. 65 722.3 | 15, 036.6 3. 79 569. 3 
A cg G ES RTE NY UNG BEEN ARTA Soe 20, 364. 0 3. 24 660. 4 | 20, 646. 0 3. 24 670. 0 
RY i eine, LEON gece aCe lsh haat Ruane Seb A 18, 102. 0 3. 30 598. 1 | 17, 629.5 BiB) ¢ 592.1 
LE SSE IN I es eg 16, 833. 9 3. 45 580.9 | 16, 483. 8 3. 22 531. 4 
IACVICLA LENO LO 3 ee we ge eee 21, 755. 4 3. 49 760.3 | 18, 854.1 8. 45 651.3 
Increase (+) of daughters over dams____-_|-+2, 901.3 ra aU sO! Rel bakers ral (OLS SAO) bet saat eau Pa eek Sie So 
I CHACCIAL INCREASC Hh eta a eek Monies car +15. 4 +1. 16 SCG aC id seat a te eS Pad 


Seven daughters exceeded dams in milk. 
Seven daughters exceeded dams in butterfat. 
Four daughters exceeded dams in percentage of butterfat. 


SIRE G 
1 cee am HR We ea YC RATE CET ye DO elas SOE ra 24, 690. 0 4.31 | 1,065.4 | 15, 032.6 4.30 647.1 
Dianna era sth Xone 2M eA T Aura per PaaS eben RS 23, 044. 6 4, 21 972.2 | 28, 090.0 3. 25 913.9 
2 Ge SANTINI ANI MG AGES AUR AUBIN HENS Cs OS 18, 831. 0 4. 25 801.1 | 17, 591.5 3. 61 636. 1 
ANNO SC DURES ie Re eas Sy UR ap as Sen ea et A 22, 097.8 3. 43 760.0 | 22, 287.0 3. 60 802. 6 
Ei sponge a Ape a een Lam pe CMA Sap 22, 695. 8 3. 32 753. 8 | 19, 753. 7 3. 52 696. 3 
Ee an aE See NI NM NNO leak 15, 657. 2 4, 39 687.4 | 15, 735. 4 3. 83 602. 8 
Of Bae papa eae SIT Rs SoC SOA ope 13, 945. 5 3. 81 531.8 | 14, 971.7 3. 88 581. 8 
DASV.GNa Ge) Of ye Saw seo edie bale 20, 137. 4 3. 95 795.9 | 19, 066. 0 3. 66 697, 2 

Increase (+-) of daughters over dams----.- -+1, 071. 4 -++0. 29 rte oat bill eae ay es pee SS ee 
RerCem balm Crease we seinen wie oe au ene Put: +5. 6 +7. 92 SS ai a eC Pn a el DR 

Three daughters exceeded dams in milk. 

Five daughters exceeded dams in butterfat. 

Four daughters exceeded dams in percentage of butterfat. 

SIRE H 
I CA ce ei OS te Ra sd NS 20, 516. 2 3. 66 752.1 | 18, 235.9 3. 74 683. 1 
Lona e ie NLS ieira enti e eee SMP NEL IN ALO 21, 246. 0 3. 37 716. 7 | 17, 027.3 3. 39 577. 4 
Seana mina caie uma SRR oT A Mima alia ae rte il a 23, 056. 6 3. 04 701.6 | 17, 046. 4 3. 08 526. 3 
Gear ge tars 59 eubeed ACE Su aha Miao LON. 4 faesa a SNL ites 16, 566. 8 ah Ci) 622.3 | 17, 290.0 3. 72 643. 3 
i Eafe ue toes a Run esa mpeT Reece N NEE i lA ASlii SENS 5m 19, 422.1 3.13 609.1 | 14, 245.7 3. 14 448. 6 
CSS Se ered 2 Seal gE SLUR Sh ree EA IC 18, 430. 2 3. O1 554. 6 | 17, 898.1 2. 92 523. 3 
IN ERACCION Os: soe ee ene ura een tt 19, 872. 9 3. 32 659.4 | 16,957.2| 3.34 567.0 

Increase (++) or decrease (—) of daughters 

IVETE CAINS Benue seer ei ier aL aie +2, 915. 7 —.02 Sree AN isthe ea ee = Se yn pam 
Per cent increase or decrease___-..--.-.--- +17. 2 —.60 ap ne) eee eee sale peseeceee|Meose Sto 


Five daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat. 
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TABLE 2.—Production records of daughters and their dams—Continued 


SIRE I 


Daughters Dams 


Milk Butterfat 


Milk Butterfat 


Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 


1 be 3 aR eee CE 2 eI Ces IN AB oe Ee a 22, 308. 8 3. 54 791.3 | 17, 514.6 3. 59 629.6 
DA Se ee age 8 ae ey ES A -  ae | 23, 477.1 3. 33 782.4 | 13, 700.7 3. 49 479.3 
33 5 ee Real 5 2 eager, Oe CE, SE? eR Ae SrA Ee 23, 229.5 3. 22 748.3 | 17, 514.6 3. 59 629. 6 
Co 2 | SR a ot ie See ae SE A ee ee 22, 149.5 3. 04 675.2 | 14,178.1 3502 500. 
Ce A ee ee 2 ee eae tsar 11, 653. 6 Ooh 436.6 | 14,178.1 3. 53 500. 9 
SG SR SS ene eR IVEY G 7 : 3. O1 362.8 | 15, 720.1 3. 24 510. 7 
JA ViCrageiol G22 22k eae ey in 19, 128. 4 3. 31 632.8 | 15, 467.7 3. 50 541.8 
Increase (++) or decrease (—) of daughters | 
OVCHOGINSHS sa eee ewes eee +3, 660. 7 —0.19 +91..0-|--2:22222-\ ee eS ee 
Per cent increase or decrease___-.------____ +23. 7 —5. 43 1658 |2S2n S222 | See ee ee 


Four daughters exceeded dams in milk. 
Four daughters exceeded dams in butterfat. 
One daughter exceeded dam in percentage of butterfat. 


SIRE J 
(es te SM ca AR in ges eee i aes 29, 053. 2 3. 40 988. 2 | 25, 227.1 3. 46 875.3 
Fels OS US Nee ERS: eA ari ONS ae SE WN Tp 25, 345. 3 3. 80 965.1 | 13, 447.5 3. 61 485.9 
Sh a OE Op ee eg re ea ae ies SEE Ele OU hi 4.04 945.0 | 25, 227.1 3. 46 875.3 
Zeb 3 Bic cs SE tg Soe gai nena pica tae oli gs eo tee) Ota 21, 837. 5 4, 29 937.6 | 11, 006.9 3. 42 377. 2 
ES af gt Re rons ONE By Ss pen ee 24, 741.6 3.77 933.1 | 20, 877. 2- 3. 28 684. 9 
(ies ae Ge oa RR ODD G8 ie i a 26, 331. 0 3. 39 895. 2 | 26, 134.2 3527 856. 6 
en a Lt ate eae be ee ep a pe 22, 424. 6 a7 830.9 | 23, 340.1 3. 58 835.9 
CS cap aa i Ah re Sener ast 23, 853. 6 3. 24 774.0. | 27, 762.5 3. 60 1, 000. 3 
Cs Ia eae pe eget Ue Me gia es et 19, 045. 8 Sank 720.1 | 19, 602.3 3. 59 704. 3 
BA (ee eS Ee ee ys pe peers AS 18, 569. 0 3. 79 703.8 | 23, 485. 6 3. 45 811.2 
UT ba SS eA ee re Papas Sete pines See Se eee 18, 759. 8 3. 66 688.3 | 27, 762.5 3. 60 1, 000. 3 
Vip Se SS s Saeeh  A  t ne Tets M 18, 804. 3 3. 59 676.0 | 15, 788. 4 3. 29 519. 5 
ei er ae oe eee 18; 826. 5 3. 59 677.4 | 15y788. 4 3. 29 519. 5 
YU a I a re A ee ee ier ee 19, 080. 8 3. 48 665. 2 | 25, 227.1 3. 46 875. 3 
fb eae eet ee Sree so PE eas the Set ee 17, 585. 5 3. 61 635-da elisa 3. 70 419.7 
YEG aaa rere ee Se tee epee on ee 15, 401. 7 Seidl 570. 1 8, 891.4 4. 01 357. 1 
Te er et re a ce ea 16, 284.4 3. 44 561.0 | 11, 006.9 3. 42 377.2 
TRS a Se a Se Pe eee ee ea ER 15, 104. 5° BY Gb 536. 7 | 21, 796. 6 aces 725.9 
TAG ee 2 ee a ee er ee 14, 894. 0 | 3. 55 530. 2 | 12, 266. 6 3. 55 436. 2 
TAY EL os SEE EAS ok > aii ee ea 2 aes SL Re eR ete Pe 11, 412.9 4.14 473.3 | 12, 266.6 3. 55 436. 2 
FAWVCL AG C201 20 2 Ree a 20, 034. 8 3. 67 735.3 | 18, 912.1 3. 48 658. 7 

Increase (+-) of daughters over dams______ +1, 122. 7 +0. 19 42:16: 6: betessetcse|-eee eet ee eee 
Poeent incredset: 62 seat Ck +5.9| +5.46 | A-11.6)|.5.222 425 3| eeeeeeiees 

Eleven daughters exceeded dams in milk. 

Fourteen daughters exceeded dams in butterfat. 

Fifteen daughters exceeded dams in percentage of butterfat. 

SIRE K 
1 sp a SA nO ep ia pe SP GO UY ee 21, 689. 0 3. 59 777.8 | 20, 690. 2 | 3. 55 734. 6 
Deh ng a ES aes beara gr ee PL eee ee Se] 19, 132. 7 oot: 709.3 | 14, 562. 4 3. 44 501. 6 
0 Se a ee we eM len ree Ae | 20, 558. 8 3.19 655. 1 | 17, 046. 4 3. 09 526.3 
CL 2 Gh aaa oes cape, (One et eee | 14, 146.2 4, 34 614.8 | 17, 027.3 3.39 577. 4 
ep cee a i a SES Eph Se NS ies DE 16, 570. 7 3. 26 539. 4 | 14, 245.7 3.15 448. 6 
Ge ee Sas Ae ee Re eS ec 2A eo 3. OL 436.8 | 14, 562.4 3. 44 501. 6 
Arorace OF 6.3 so el a 17, 418. 4 3.57 |  622.2| 16, 355.7 3.35 548. 3 

Increase (+) of daughters over dams_-_-__-- +1, 062. 7 +0. 22 73. Oo ce Sa ee eee 
iReneent increase. ._ 8 2 ee +6.5 +6. 57 “PIS So) asa aes 5 Cea accor pe eee 


Four daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
All daughters exceeded dams in percentage of butterfat. 
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TaBLE 2.—Production records of daughters and their dams—Continued 


SIRE L 
Daughters Dams 
Milk Butterfat Milk Butterfat 
Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 

pe a RE el ey 23, 451.5 ah; WD) 786.5 | 22, 449. 5: 3. 50 785.8 
De a elie Eee A RR) ls Regs ein Th ane 5 ee 21, 183. 7 3. 39 718.4 | 15, 967.-8 3. 66 584. 2 
RR ee ree Oe ee eS Ae OE Se of 21, 892.1 3.13 684. 4 | 18, 716.3 3. 53 660. 7 
Ch AE eee Ree she 2 RN apie Oe Ep EC i Ba ees st Sa a Ba 19, 693. 0 3. 47 683.1 | 14, 096. 2 Be 531.9 
Lys Sepa Leas Fie 7) Mss ge iyi ts BY ME a, 2 ee 18, 355. 0 ay ail 644.0 | 14, 946. 5 3. 61 §39. 9 
(Tp eae aa fog ee oR ie ba Bere Be GUL GUM iy A he aie Nee oe 18, 214.5 3. 45 627.9 | 16, 133.9 3. 36 541.3 
Ne in Les lon RRA DPR Re Tae 8 aN oi Sk sel te 15, 972. 4 3. 74 597.5 | 14, 096. 2 3.77 531.9 
See TAO Pee RE PNAS 2k 18, 236. 5 3. 25 593.5 | 18, 716.3 3. 53 660. 7 
(0) NT ES ae ae OEE EG AS aaa gi Pe Ne Sa er a 17, 350. 5 3. 38 586.7 | 14, 096. 2 3.77 531.9 
TUCO ch Ege ES IS a SS es a 14, 815.3 3.75 555.7 | 14, 946.3 3. 61 539.9 
SA [Reser ee es GENS banish re oye Et pial Se 12, 196. 6 3.13 382.0 | 11, 593.3 3. 96 459. 0 
IAWVerace Ofgle a teee te ie ee 18, 305. 6 3. 41 623.6 | 15, 978.0 3. 62 578. 8 

Increase (++) or decrease (—) of daughters 
OVGrAG BITS oes eee ee eee eal ES +-2) 327.6 —0. 21 Ey a Hl epee ore aR ne aah ae aaa ee 
Per cent increase Or decrease____.--.--.--- +14. 6 —5. 80 erat Fel | Sse ta fae a a ey 


Nine daughters exceeded dams in milk. 
Nine daughters exceeded dams in fat. 
Two daughters exceeded dams in percentage of butterfat. 


SIRE M 
1 eS sg CRE >. Rees Sere, SPE ck a) eel a eee eee 16, 465. 6 3. 69 608. 4 | 12, 480.8 3. 88 483.9 
Fh pci a at eA ak 5 Sia Ras, paella leg Benet in en a 15, 429. 6 3. 44 531.0 | 12, 445. 7 3. 40 423.1 
Sa a GUS aS ed als Cc ae Nga eee 14, 918.3 3. 56 530.8 | 12, 470.8 3. 68 458. 7 
ASAE SP ROR ee ak Bae aN PEPE M pel RU aU 14, 925. 1 3. 49 521.2 | 12, 470.8 ~ 3.68 458. 7 
Dine ee tal a Nese ape Et Se Pet 14, 972. 0 3. 33 499.8 | 21, 746. 2 2. 98 649. 0 
ee eae Fa ee ef ae ee len ane olf Rabie So 12, 240. 9 3. 68 450.1 | 12, 480.8 3. 88 483.9 
PARVICTAT CLOT Omir ate en a et 14, 825. 2 3. 53 523.5 | 14, 015.8 3. 52 492. 9 

Increase (-++) of daughters over dams______- +809. 4 +0. 01 rhe OG SERS Se Si a nee | ee Ee Kale ee 
HZ eRiCENbN CLEASC 2s oe er OR +5. 8 +0. 28 Er AGN ys bate stat ueuie al ea ee ear be a 2 

Four daughters exceeded dams in milk. 

Four daughters exceeded dams in butterfat. 

Two daughters exceeded dams in percentage of butterfat. 

SIRE N 
I SE eee tet Ae eae free cate at 18, 218. 0 3. 87 705. 6 | 11, 311.8 3. 81 431. 4 
Oe so poe aa ae EN Ss eye el E RRO ha a 18, 456. 8 3.07 695.0 | 12, 529. 7 3. 55 445. 2 
Bs oo A i ST a gah ger RO SON SR is a 19, 973. 4 3. 40 678. 4 | 15, 357. 5 3. 54 543. 1 
fein AUP Roe A Er te LONE eee aaa A eal 17, 300. 3 3.75 648. 7 | 19, 258. 8 4.41 849. 2 
E55. ni eee ck Segre ST Ae Pe en ie ieee tag 16, 756. 9 3. 78 632.9 | 14, 913. 7 3. 54 527.9 
G2- sues See ie seen Sgn Bertenite perme 15, 826. 2 3. 48 550. 3 | 11, 649.3 3. 94 458. 4 
ene SD SE eta OES, = Coe NEUMAN TS BS 16, 017. 2 3. 38 541.6 | 17, 882.3 4. 32 773. 2 
Serer siege pel. SEM Ae Sin kt ate OP hy 13, 761. 6 Sort: 510.4 | 14, 241.8 3. 71 528. 5 
sO sie kc Beeps 0 Se eee ALE ye een riBhe te eS EE A 15, 096. 2 3. 30 502.3 | 17, 022. 3 4, 41 750. 0 
IASVICTAGO OL Ga eee. ates Be __.| 16, 822.9 3. 61 607. 2 | 14, 907. 5 3. 96 589. 7 

Increase (++) or decrease (—) of daughters 

OVEL: GA TIIS cite te ahs peels Adelle ne +1, 915. 4 —0. 38 ca pe feat Da Peers see seeses Mapp ae pe bitte gta 
Per cent increase or decrease__---.-__----- +12.8 —8. 84 = Oy Ag Je eee eaten nem Dies 


Five daughters exceeded dams in milk. 
Five daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat. 
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TABLE 2.—Production records of daughters and their dams—Continued 


SIRE O 


Daughters Dams 
Milk Butterfat Milk Butterfat 


Pounds | Per cent | Pounds | Pounds | Per cent | Pounds 


ew nO a Se a ee 14, 173.8 3. 02 428.5 | 13, 615.1 3. 42 466.3 
eee ia a oe ys Ges Sl be Ben 3 i ND 12, 336.0 | 3. 81 469.7 | 10, 546.0 3. 47 366. 3 
45 2k gee ee aap eo aE Oe oe sk ae et el 19, 162. 7 | 4.21 806.6 | 19, 316.4 4.17 805. 9 
Abies tel Ve te is © ERE es Ee eens a 21, 578.0 | 33118} 674.5 | 15, 708.5 BH 513.1 
eyes sR EP NES a ea Ie Cea. See 13, 329. 5 | 3. 52 469.7 | 15, 901.4 4, 03 640.9 
(RE ie ea Be rare tee We Cae SN ee a EE 13, 479. 7 3. 63 489.1 | 13, 615.1 3. 42 466. 3 
IAVCLAge Of G22 se ae nee ee ee 15, 676.6 | 3. 55 556.3 | 14, 783. 7 3. 67 543.1 
Increase (+) or decrease (—) of daughters 
Over Camsis. 2 Se ee ee SS a ee +892.9 |; —0.12 Bip ee Jia apse wea bee ee ae oe 
Per cent increase or decrease__-.---------- +6.0} —3. 27 224 al eS tS 2S eS | ee 


Three daughters exceeded dams in milk. 
Four daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat. 


SIRE P 
pest Ne eA RE GEE Serene eR A eoor ce Be I LES Oon 3. 70 678.7 | 18, 670.1 3a23 603. 5 
7c SES ae aa Gea fete ah SR ON ee ea te 19, 861.0 3. 03 602. 7 18, 762. 6 3. 08 577.5 
eS ENTE oh See TNS En AIS WT ia ah! eal Se me ee 14, 776.1 3. 71 547.9 | 15, 223.1 3. 65 556. 2 
(IS SAE ee ee ant es Ree a iS See eI eae 14, 634. 5 3. 64 533.9 | 16, 510.8 3. 06 505. 4 
LFS SS SOR OSE Te Re "ene ea Fe ey i aaa 13, 167.6 Sool 435.9 | 15, 754.3 3. 28 516. 1 
GSie= os to) a ee or Sos ol 12, 713.1 3. 10 393.9 | 13, 051. 4 3. 04 396. 3 
ee ee Se | ee ee A) ee ee ee } 
Avetdee Of G.l6 joe ees aan | 15, 584.6 3.41| 532.2 | 16, 328.7 3.22| 525.8 
Increase (+) or decrease (—) of daughters 
OVEL CAMS ite. See ben ree i ae —744.1 +0. 19 +6.4 Je-2-2-- 2-2 [isos SEES es | ae ee 
Per cent increase or decrease__-_--.-..-__- —4.6 +5. 90 +1.2 | peice te | pe Peeper: 
One daughter exceeded dam in milk. 
Three daughters exceeded dams in butterfat. 
Five daughters exceeded dams in percentage of butterfat. 
SIRE Q 
Ie tN SO NEF Ain aye RG ED Src lee See | 22, 552. 5 Rival 723.8 | 17,893. 0 3. 80 679. 5 
oO A SA in Pp a a ete eee et SEN 20, 267. 7 S00 719.0 | 14, 122. 2 3. 34 472.3 
0 ae ee a 0 cla OY Oe ee 2, SER 20, 895. 6 3. 28 686.4 | 14, 630. 0 3. 58 G23. 2 
Fre ern Da rence na sie eg te 19, 048. 2 3. 51 667.9 | 19, 999.8 RRAAE 654. 4 
bien d Sean ie nee eRe Ah gig es es Ee 18, 463. 0 3. 28 605. 0 | 17, 879.1 aah 598. 2 
GR A EA IE sa epee a 18, 360. 4 — 38. 13 573.4 | 16, 497.4 3. 33 549. 0 
eS Rs Se Aa ek RE es orn ct. 5 RE 16, 654. 4 3. 30 549.6 | 16, 497.4 3. 30 544. 4 
SSB OE ee es Si Se apn See 13, 245. 5 3. 69 488.7 | 18, 509.7 3. 60 666. 4 
a Ra RANI ETE a de SOR Nt ' 15, 807. 8 3. 07 484.9 | 14, 755.6 Sas 475.9 
Of () ie Ee 2 2 Ae AE he ea 5 TOs 14, 547. 4 3. 29 478.0 | 21, 063.0 3. 43 723. 0 
1S Lp aes Be aE Re Rae en ie ee 13, 966. 8 3. 34 466.1 | 17, 894.8 3. 35 598. 9 
Average’ of dil seen ste Saal WA GIBY @ 3. 33 585. 7 | 17, 249.3 3. 42 589. 6 
Increase (++) or decrease (—) of daughters | 
Gy er Cains er eet ae oie 4364.3 | —0.09 85 Onesie eee asin woe e eo Rey 
Per cent increase or decrease____-__-_-.-__-- +2.1 —2. 63 =~ soa aees Fe fonree Wed Migr oh | Scenes Ses 


Seven daughters exceeded dams in milk 
Eight daughters exceeded dams in butterfat. 
Three daughters exceeded dams in percentage of butterfat 
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TaBLE 2.—Production records of daughters and their dams—Continued 


SIRE R 


Daughters Dams 


Milk Butterfat Milk Butterfat 


Pounds | Per cent} Pounds | Pounds | Per cent | Pounds 


3 Lae SES Eee, S07 ce Re a A o's CRP lO ee RV 15, 458. 3 3. 23 499. 8 | 17, 287.3 3. 33 575.0 
ei, ageism eesAN Gn aa 25 Bee og aa ae ear 17, 718.1 PASThD 487.7 | 15, 387.8 2. 74 423.1 
2 Ec RL a SE Senne a oar epee 13, 285. 0 3. 40 451.8 | 12, 258.9 3.53 433. 0 
ZN SET ci A aa ae es ek aie Se 2 15, 688. 1 2. 61 409.7 | 15, 387.8 2. 74 423.1 
ESS Spe UES P< a OS ae 11, 975. 8 3. 20 383. 2 | 12, 258.9 3553 433. 0 
CE ais Ee Sealy i eee ee 10, 928. 3 ahi 361.4 | 11, 367.8 3a25 368. 9 
PA-VCL ARO lOO: soe eae er te rank 14, 175.6 3. 05 432.3 | 13, 991. 4 3. 16 442.7 
Increase (+) or decrease (—) of daughters 
OT OLS LATS ae a inane en ied ac eee elcgtcie Semi +184. 2 —0. 11 wee LOS A | ahi ea ae aS | Ca aC ae 
Per cent increase or decrease __......---__- +1.3 —3. 48 Ee ys RL (Bure I 3 


Three daughters exceeded dams in milk. 
Two daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat 


SIRE § 
The SENSI IS SS Ui ele Base a Vee 14, 064. 6 4, 30 604. 2 | 10, 300. 0 4, 44 457.6 
PHASES G SINET s t * unecsine S En NAS ieR aay oy e Seeane 16, 728. 5 3. 27 546.6 | 18, 329.6 3. 34 611.8 
ah a SR ee Ae Oa ee Wed pe a 13, 594. 9 4, 00 541.9 | 16, 355. 5 3. 88 634. 2 
C2 oe YALE SRN A gree gs ee aes 15, 168. 5 3. 28 496.9 | 15, 068.3 3. 63 546. 4 
ca pt ee 9 ga ea ea OL age 14, 897. 0 3. 18 473.2 | 14, 069. 5 3. 24 456. 2 
(ash besa al ae Se apr ba ng agent 11, 831. 1 3. 88 458.8 | 15, 669.8 3, PP 505. 1 
(ESE eR ECE SI aia LN SE n As a ee 11, 779. 5 3. 44 405.1 | 16, 032. 5 3237 540. 5 
PANVICT AS CsO fifa ec sien ate Peet 14, 009. 2 3. 60 503.8 | 15, 117.9 3. 55 536. 0 

Increase (+) or decrease (—) of daughters 

OVETAGATINS Geen UR RIES Ue Stee jlo SA —1, 108.7 +0. 05 See eH Ue ae De mel es Ne 
Per cent increase or decrease-----.----.--- —7.3 +1. 41 —ONOd |e eke ene le anos Come eal meena 

| 

Three daughters exceeded dams in milk. 

Two daughters exceeded dams in butterfat. 

Three daughters exceeded dams in percentage of butterfat. 

SIRE T 
TLS OU AS et Sg TSE arab eer rn gia 2 23, 050. 3 Bey 765.9 } 18, 511.7 3. 67 679.9 
DAE PEPER A TES GORE DATING YG RIND eA RON 19, 737. 4 Bu08 697.6 | 19, 074.8 3. 70 706. 1 
6h ag eA a Woe Ae a iT 18, 347. 6 |- 3. 61 662.3 | 16, 977.6 3. 58 667. 1 
CA ipetie cach ie OES le Uae RAN Rae mre Meagher ee 18, 057. 7 3. 31 596. 8 | 17, 809. 8 3. 92 697. 4 
Cpe meta ale Eee tga Coe eP Une areas mime i i 16, 702. 7 3. 56 595. 4 | 19, 074. 9 3. 70 706. 1 
ae a8 rele ag eae sy eg ah gs ye 17, 417. 4 3. 29 Di2oT oe Olly 3508 728. 0 
Tle 5 SL Me TN STOEL a or A. ae? aS Ae a SE 16, 481. 0 3. 35 551.6 | 18, 619. 5 3. 63 675. 7 
Vays (eh gah ed oN CO) eal as Nc lea ar Ih ane ee Oe 18, 542. 0 3. 42 634.5 | 18, 811.4 3. 65 685. 8 

Decrease (—) of daughters over dams______ — 269. 4 —0. 23 a LSB iy | eres eoecerte oi ete Sacks one & | Ane 
Ber.cent decrease... 22t Ss 2 Se a Fer a —1.4 —6. 30 STE Ole ecco] Seca eer em | 


Four daughters exceeded dams in milk. 
Two daughters exceeded dams in butterfat. 
One daughter exceeded dam in percentage of butterfat. 


60980°—267 2 
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TABLE 2.—Production records of daughters and their dams—Continued 
SIRE U 


Daughters Dams 


Milk Butierfat Milk Butterfat 


—__—$—$ | —— ——— | _ 


Pounds | Per cent | Pounds | Pounds | Per cent| Pounds 


[pero asa ce eee i se ome ee eee 13, 994. 8 3. 35 468.5 | 12, 691.9 3.88 492.9 
DE ASO TOON Fs eee RNS IE ee ees! 14, 990. 5 3. 07 459.7 | 15, 071.8 3. 78 569. 5 
Pa as se 2 San i ie mae ek lt atened  ee os Eee 14, 239. 6 . 3.41 485.2 | 15, 559.1 Salt 508. 6 
(oi a Re a le fel i ER 13, 580. 1 3. 16 429.2 | 16, 335.1 3. 46 565. 8 
(55, ieee is ee NE ait pe, a cota ads ieee Ne IS 8 bie Sue 14, 913.1 3. 23 481.1 9, 555. 6 3. 68 351.7 
Ce Be ee lh SO SS igs Sy ee 14, 727.0 3. 06 451.6 | 19, 002. 6 3. 20 608. 1 
Cs beks ee rat PO hy Es Yn alec gk ae eee 11, 881.9 3. 29 390.8 | 14, 446.3 3. 30 477.4 

IAWV CR AGC! Olt/ aaa seen ee eee eect 14, 046. 7 Suee 452.3 | 14, 666.0 3. 48 510.5 
Decrease (—) of daughters over dams-__--__ —619.3 —0. 26 = 58 2P 2 Seon See ee es 
IPericentiGecreasess seta ee —4,2 —7.47 Th 4 |o-2=522-22|stsee2e | Sa 


Two daughters exceeded dams in milk. 
One daughter exceeded dam in butterfat. 
One daughter exceeded dam in percentage of butterfat. 


SIRE V 
1 LS a FS SESE eats ee PRS NE Be SES DAE 16, 971.7 3. 54 601.2 | 17, 148.8 3. 29 563. 7 
Ts RNS GS CA ea en pene tipes ee TTS Beene Ts 16, 687. 4 3.02 564.1 | 18, 670.1 3. 23 603. 5 
pen ee Raye see ee eR AS a BES 14, 973. 1 3. 44 515. 5 | 15, 754. 3 3. 28 516.1 
a ERE SE OL eh ERY 14, 135. 2 3. 42 483. 7 | 20, 108. 2 3. 26 656. 2 
eee re SY Be ay et a Ee RL See 18, 049. 3 2. 62 472.1 | 13, 815.9 3. 02 417.4 
CTY 8 ae RR ee SEP SORE er a Se 15, 237. 6 3. 06 466. 2 | 17, 343.6 3. 27 566. 6 
Veen TS aren AO AR a RO 12, 126.5 3. 82 463.1 | 20, 108. 2 3. 26 656. 2 
ACV Ag erOle ek. ei te SSSR E Us eee 15, 454. 4 3. 29 508. 0 | 17, 564. 2 3. 24 568. 5 

Increase (++) or decrease (—) of daughters 

ONE GaMS265 hes See ay ee ee ee —2, 109.8 +0. 05 = 6055) | io ek SS Se | ee ee ee eee 
Per cent increase or decrease___.-.....--.- —12.0 +1. 54 —HOsG tl Sco pee SS ee 

One daughter exceeded dam in milk. 

Two daughters exceeded dams in butterfat. 

Five daughters exceeded dams in percentage of butterfat. 

SIRE W 
Seas ome oye Se eg ee Ak as 21, 208. 6 3} (Al 785.4 | 15, 652. 5 3. 76 589, 1 
Fe} alg SPs pS IE RN Ae SS a nS oe rae age | 23, 088. 1 3. 40 785.8 | 20, 407.7 3. 94 804.3 
Ss Seeker Se as eee rey ee cae amine anes 19, 502. 2 3. 48 678.8 | 20, 323.0 3. 51 712.4 
Ce ere Ie 2 a Se, A eC et a eae 19, 652. 2 3. 36 660. 2 | 18, 510.7 3. 67 679. 9 
Lig GE SES ate = eee Ses a on a 18, 640. 6 3. 50 653.8 | 17, 562. 0 3. 60 632. 7 
Ga SS Ee tenes eter es 0 Sen etn wee Mera, we | 18, 251.3 3.5 643.8 | 20, 407.6 3. 94 804.3 
Cf Bp SAU eae eee) rcp eC ede Pgs Lg ye 17, 330. 0 By Ak 643.0 | 17, 809.8 3. 92 697.4 
Bs Cee Re Si eee eae dea en ST 17, 421. 4 3. 63 632.0 | 17, 478.9 3. 96 692. 5 
CE Se EI SG ai ees sO Yan 19, 799. 0 3. 18 629.6 | 16, 668.2 3. 88 646. 5 
i) eed Ea th ee a re ee ies | 16, 511.8 Beal: 613.2 | 17, 478.9 3. 96 692. 5 
TNL, he Rc parece Seem | SYNGE BAe Seen 17, 285. 7 Sa0S 610. 4 | 20, 323.0 3. 51 712.4 
Dee tee 2 dt ne LE ee lea She Vea, © 18, 562. 4 3. 18 589.6 | 24, 858. 1 3. 07 762. 7 
138 he RRS I Ae ee aig Od eran oe |g he eee 16, 796. 1 3. 40 570. 4 | 18, 619.5 3. 63 675. 7 
1 Le SRE MC NE ne tI a A ene 15, 058. 2 3. 52 530.3 | 18, 676.8 3. 64 680. 1 
1c ie nahh? Pater eet Nena tah tee Goon ee bee ee tee 13, 278. 0 3. 65 484.6 | 15, 701.7 3. 73 586. 2 
Str ta ods or eee at at mete cht 13, 296. 8 3. 22 428.2 | 21, 611.7 3. 37 728. 0 
AV CLAP EOL Gon iek see re ee ee eli are 85d. 1 3. 48 621.2 | 18, 880.6 3. 67 693.5 

Decrease (—) of daughters over dams_-_-__- —1, 025.5 —0.19 — 72.3) | ZOE Re ae 
Per Cent: GECrCASO = ake ee ee —5.4 —5. 18 1094: [ELITR SE Bei eee Seah ee 


Five daughters exceeded dams in milk. 
Two daughters exceeded dams in butterfat. 
Two daughters exceeded dams in percentage of butterfat. 


Table 3 is a summary of Table 2 showing the increase or decrease 
in yield of milk, percentage of butterfat, and yield of butterfat of 
the daughters of each of the 23 sires as compared with the records 
of their dams. Comparisons are made in pounds of milk, pounds 
of butterfat, and fat tests, with the per cent of increase or decrease 
In each case, 


TRANSMITTING ABILITY OF HOLSTEIN-FRIESIAN SIRES 11 


TasLe 3.—Summary of sires having six or more yearly-record daughters whose 
dams have yearly records, in order of relative increase in pounds of buiterfat, by 
daughters over dams 


Increase (+) or decrease (—) of daughters over dams. 
Sire Milk Butterfat test Butterfat 


Pounds | Per cent | Amount | Per cent | Pounds | Per cent 


i | ey | er | er | Cr 


Nee ge i I A 4-5, 110. 9 +35. 3 +0. 13 +4.02 | -+191.0 +40. 9 
Bee SoS SY Aye he 3 SR +4, 135. 3 +24. 1 +0. 11 +38. 24 | -+163.8 +28. 2 
(ea eee ae Ue eae ec +8, 404. 4 +18, 2 10. 09 See BD) Hath 7/ +21. 4 
dD) See 2 a a ep ee +3, (10.4 +21. 4 --0. 03 +0.94 | +126.3 +22. 4 
dee eee Sey eee Baie ee et ae eee Be Sees +3, 423. 6 —taligagl -F0. 03 +0.91 | -+120.4 +18. 1 
Dap aa Ah a cg EA Pe eg +2, 901.3 +15. 4 +0. 04 +116 | -F109: 0 +16. 7 
Gi a et ee ee de Pe ee ee ee ah OMe +5. 6 +0. 29 eZ +98. 7 +14. 2 
Pe a a aa Me +2, 915.7 +17. 2 —0. 02 —0. 60 +92. 4 +16.3 
TR EH SE NS OS i Die LIB BTS ROS has +3, 660. 7 +23. 7 =0:19 —5, 43 +91. 0 +16. 8 
Dee a 8 oe sel ee toed eee eee 2 +1, 122.7 =o. 9 +0. 19 +5. 46 +76. 6 +11. 6 
Uc eal a a a +1, 062. 7 +6. 5 +0. 22 +6. 57 +73. 9 +13. 5 

<i ile SA eRe an AAUP Sluis ei eee AE) 3 ace +2, 327.6 +14. 6 —0.-21 —5. 80 +44. 8 aed 
a Feaee me i ela eI SM a Se +869. 4 +5. 8 +-0. 01 +0. 28 +30. 6 +6. 2 
ING Ree Te ERS ESIC SR are +1, 915. 4 +12. 8 —0. 35 —8. 84 co lent +2. 9 
Oe hs de aN Seo eee pipes Ton a eed hele oe +882. 9 +6.0 ea Oe —3. 27 +13. 2 +2. 4 
Toke tees ron ec Maso ean Gata ee —744, 1 —46 -++0. 19 +5. 90 +6. 4 = 
Qt ee 0a a Ee, SEN Se +364. 3 a peel 0509 —2. 63 ay) =O. 
VB ae SS Eek eae oie SIS a es +184. 2 1.3 == 0.700 —3. 48 10.4 = 253 
See SU RCEE ORO Seb tS Sate was Uns ee OSer(( (ho +0. 05 +1. 41 —32. 2 —6.0 
Pas rach a je shee Me a og rye a — 269. 4 =—1.4 —0. 23 —6. 30 —51.3 —7.5 
OO ea ener DE LSet Ua apy Aw a = Olona by —0. 26 —7. 47 — 58, 2 —11.4 
NASEREER IE Ries Boma See nae kU ak bi ee = 2, 109.8 —12.0 +0. 05 +1. 54 —60. 5 —10.6 
Wises eek eek Bae eee —1, 025. 5 ih, 4} = OlG to lt —72.3 —10.4 


METHOD OF INHERITANCH 


A study of the records of the daughters and their dams in Table 
2 shows a remarkable variation. Note the following instances: 

The highest-record daughter of sire A is out of the dam that has 
the lowest record of the five. His lowest-record daughter is out of the 
dam with the next lowest record. The one daughter which failed 
to make a larger record than her dam was from the dam with the 
highest butterfat record, and yet this daughter’s record is 6,491 
pounds of milk and 215 pounds of butterfat lower than his highest- 
record daughter. 

Sire B’s highest-record daughter is out of a dam with the third 
from the lowest record, and his daughter with the next to lowest 
record is from the fourth highest dam. There are two full sisters in 
his list of daughters. One is second in the list of 13 daughters, the 
other is ninth, the latter with 3,301 pounds of milk and 184 pounds 
of butterfat less than her sister. 

Sire C has 12 daughters whose dams have yearly records. The 
highest-record dam, which produced 892 pounds of butterfat, has a 
daughter with the third highest record, or 891 pounds of butterfat; 
whereas the lowest-record dam, with 404 sation of butterfat, has a 
daughter with the fourth highest record, or 862 pounds of butterfat. 
His highest-record daughter produced 917 pounds of butterfat and her 
dam 730 pounds. The next highest daughter, which produced 893 
pounds of butterfat, is from a dam with 574 pounds. 

The lowest-record dam in the list of sire D produced 388 pounds of 
butterfat; her daughter, sire D’s lowest-producing daughter, has a 
record of 507 pounds of butterfat, an increase of 119 pounds. Sire 
D’s highest-producing daughter produced 844 pounds of butterfat 
and her dam produced 572 pounds, an increase by the daughter of 
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272 pounds over the dam. ‘The highest-record dam produced 846 
pounds of butterfat and her daughter 744 pounds, or a 102-pound 
decrease. This daughter of the highest-record dam has a record that 
is 100 pounds lower than that of the highest-record daughter, whose 
dam’s record, 572 pounds of butterfat, 1s 274 pounds less than that 
of the highest-record dam. 

The highest-record daughter of sire F was out of a dam with the 
highest record of any of the dams, 20,847 pounds of milk and 830 
pounds of butterfat; yet this daughter’s record is larger than the 
dam’s by 5,845 pounds of milk and 249 pounds of butterfat. His 
lowest-record daughter was out of the lowest-record dam. This 
dam has a record of 16,483 pounds of milk and 531 pounds of butter- 
fat. Her daughter’s record is larger by 350 pounds of milk and 
49 pounds of butterfat. Note the difference between this increase 
from a low-record dam and the increase from the highest-record 
dam. Two of his other daughter’s records were lower than those 
of their dams. 

The highest-record dam of the daughters of sire G has a record 
of 913 pounds of butterfat. The daughter of this dam exceeded this 
record by 59 pounds. ‘This increase was due to a rise of almost 
1 per cent of butterfat. The yield of milk of the daughter was less by 
5,046 pounds. The lowest-record dam produced 581 pounds of 
butterfat and her daughter 531 pounds, a decrease of 50 pounds. 
This decrease was due to both a lower yield of milk and a lower per- 
centage of butterfat in the milk. The one other daughter of this 
sire that had a lower butterfat record than her dam was out of a dam 
which produced 802 pounds of butterfat. 

Included in the list of six daughters of sire I are two pairs of full 
sisters. The dam of one of these pairs had a record of 17,514 pounds 
of milk and 629 pounds of butterfat. Both daughters of this dam 
made more milk and more butterfat than the dam. One daughter 
exceeded her dam’s production by 4,794 pounds of milk and 162 
pounds of butterfat and had nearly the same test as the dam. The 
other daughter produced 5,715 pounds of milk more than the dam, 
but the percentage of butterfat in her milk was 0.37 less than that 
of her dam and her increase in total butterfat was only 119 pounds. 
The dam of the other pair of sisters has a record of 14,178 pounds 
of milk and 500 pounds of butterfat. One of these sisters increased 
the yield of milk 7,971 pounds, lowered the percentage of butterfat 
0.49 (from 3.53 to 3.04) and increased the ne butterfat 175 pounds. 
The other sister decreased the yield of milk 2,625 pounds, raised the 
percentage of fat 0.24 and decreased the total butterfat 64 pounds. 

Such examples as those mentioned may be cited in the records of 
the daughters of every sire in the list. A careful study of the com- 
parative records of each sire will show great variations 1n the records 
of the daughters of the same sire, and between the records of the 
daughters and their dams. Instances are found of the highest- 
record daughters coming from the lowest-record dams. There are 
other instances in which both the highest-record and the lowest- 
record dams have daughters which show increases, whereas other 
dams coming in between these extremes have daughters showing 
decreases. 

It seems clear that the daughters’ records are not a blend between 
the production ability of sire and dam, and it also seems clear that the 
increase or decrease of the records of a sire’s daughters over or under 
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the records of their dams will not be uniform; nor is the size of the 
record of the dam a criterion of the size of the record of the daughter. 


THE BLENDING-INHERITANCE THEORY 


Many investigators and breeders believe that the inheritance of 
milk and butterfat production is of the blending type. It has been 
suggested, in accordance with this theory, that the true measure of a 
sire’s inherent ability might be calculated by adding the average in- 
crease of the daughters over their dams to the average record of the 
daughters, the result being the true inherent transmitting ability of 
the sire for milk and butterfat production. The assumption is that 
the capacity of the daughter is halfway between that of her sire and 
that of her dam. Thus, if the sire’s inherent transmitting ability is 
800 pounds of butterfat and he is bred to a 600-pound-butterfat cow, 
the dletiphibes should have the ability to make an average between the 
two, or 700 pounds of fat. 

This theory was tried out by taking the average butterfat records 
of the daughters of sire B and their dams. The average of the daugh- 
ters was 745 pounds of butterfat; the average of their dams was 581 
pounds of butterfat. The difference between the average of the 
daughters and the average of the dams was 164 pounds. This added 
to the average of the daughters gives the sire an inherent transmitting 
ability of 909 pounds of butterfat. With the inherent transmitting 
_ ability of the sire a known quantity, as is also the record of the cow 
to which he is mated, it should be possible to predict the producing 
capacity of a particular daughter by halving the sum of the sire’s 
standard and dam’s record, the resulting average being the daughter’s 
producing capacity. But when this system is applied to the individ- 
ual daughters of sire B the results do not check well with the actual 
records in Table 2. The comparison is shown in Table 4. 


TasLe 4.—Butterfat records of daughters of sire B, showing butterfat production 
predicted by blending-inheritance computation, and that actually produced 


Differ- Differ- 
vodieted redicted 
Butterfat |Butterfat | Precrctee Butterfat] Butterfat| PhPOCte 
Daughter No. | redicted | produced eone Daughter No. | predicted] produced por 


produc- produc- 
tion tion 
Pounds | Pounds | Pounds Pounds | Pounds | Pounds 
be ele UR ea Say 705. 3 970. 5 ASIP Ih ok cate gins ts rh 678. & 738. 6 —59.8 
QE Shep pe ee rere 791.8 912.1 ALD Shalt (Oe yh me os ees ae 791.8 727.5 +64. 3 
Ce rok SE SO 759. 6 848. 8 a OO ie led ess oe ee Rats 786. 4 688. 3 +98. 1 
CGR ha apes Shug at Soe dt BS 685. 6 821.2 1 Ya fos Pt Uy ba ci a RS Se Se 717.5 623. 7 +93. 8 
[Nae a Nig hg 734.9 804. 5 SO GN silica aaa eID 783. 5 517.9 +265. 6 
Geek es eee Se Ea: 784. 2 = Sena [dd eee ae ane Ue 743. 2 506. 1 +237. 1 
[{ Se eae bt eee 792. 6 745. 0 +47. 6 


It is true that where there have been crosses between two distinct 
breeds of dairy cattle that have a considerable difference between 
their milk flow and their range of butterfat percentage, such as the 
Holstein-Friesian cross on Guernsey or Jersey, it has been observed 
that the resulting progeny have a milk flow and a percentage fat that 
are intermediate between those of the two parents. In these crosses 
between distinct breeds there are probably so many independently 
inherited factors having a bearing on the milk flow and the percentage 
fat in each parent, that it is almost impossible to bring about, in any 
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limited number of animals, a segregation of factors that will result 
in the exact reappearance of either of the parental characters. For 
crosses within a breed, however, there is not the same evidence of 
intermediate milk flow and percentage fat. The great variation in 
records between the daughters of a sire, and also the variation between 
records of the daughters and their dams, do not indicate a blended 
inheritance of the type shown by crosses between distinct breeds. 
There are several explanations that may be given to account for 
this great variation in the production capacity of the daughters of a 
sire: (1) The factors that determine high-producing capacity may be 
dominant over those determining a low-producing capacity. (2) 
Each individual sire and dam may have a double nature in its heredi- 
tary make-up. The dam may be a good producer, because of domi- 
nant factors for high production received from one parent, but she 
may also possess recessive factors for low-producing capacity that she 
received from her other parent; and, consequently, she may transmit 
to a part of her offspring an inheritance for hich-producing capacity 
and to the other part an inheritance for low-producing capacity. 
(3) The cumulative or multiple factor hypothesis is based on the 
theory that quantitative characters are produced by cumulative 
factors; that is, when a factor is added to another similar factor, the 
cumulation affects the degree of development of that character. 


WHAT IS A GREAT SIRE OF PRODUCTION? 


Which is the greatest sire of production? Is it (1) one that gets 
daughters that are as good as their high-producing dams; (2) one 
that gets daughters that make considerably larger records than 
good dams; (3) one that gets daughters that make much larger 
records than their low or medium-producing dams; (4) one that gets 
daughters with the greatest average increase of milk and butterfat 
over their dams; (5) one whose daughters have the highest average 
yield of butterfat and milk regardless of the dam’s average; (6) one 
that has the greatest proportion of his daughters better than their 
dams regardless of the amount of the increase; or (7) one that has 
daughters showing the greatest uniformity of production? 

If sires were judged solely by the average increase in yield of their 
daughters over their dams, some sires having only one-third of their 
daughters better than their dams would appear better than other 
sires with two-thirds of their daughters better than their dams. 
Nor can a sire be judged entirely by the number of his daughters that 
are better than their dams, for if the dams were low producers and 
the increase of the daughters was small, the sire would not have 
ereat merit. 

It seems desirable to take into consideration all the following 
factors in judging the comparative merits of several sires: The 
average yield of their daughters; the average increase in the yield of 
the daughters over that of their dams; and the number of daughters 
that were better than their dams. 

The 23 sires studied are given comparative rankings in Table 5 
with respect to average milk yield of their daughters, average butter- 
fat yield; average increase of milk, average increase of butterfat, and 
the percentage of daughters that were better than their dams in 
milk and in butterfat yield; in the last column is the sum of his 
rankings in the various classes. 
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TaBLE 5.—Ranking of the 23 sires in various classes based on the comparative 
production of their daughters 


=== 


Rank according to— 


Relative Number A x Percent, ed 
< ra (0) verage| Average age o ons 
Sire in this | daugh- | milk |butterfat| Average fverace daugh- goueh Total 
group ters yield of | yield of | increase of ters Pain ae 
daugh- | daugh- | of milk butterfat making hireauee ies 
ters ters increase : g 


= 5 in 
in milk butterfat 


1A SEE ea eee 1 6 1 3 5 5 1 1 16 
De SC sae a a 2 13 5 5 2 2 2 3 19 
Capers BSA ewe oe 3 12 2 2 6 3 3 8 24 
De arr oe a Beers ea 4 9 4 7 3 4 6 2 26 
YA ele Aer See e 5 5 9 9 1 1 5 6 31 
Apes oe es aie arate ae Aa 6 9 3 4 8 6 6 7 34 
1B ho ee ee rea 1 6 8 8 7 8 3 4 38 
Glory ss Eee Fite 8 7 6 1 12 7 13 10 49 
ee ed aus e aa ae ce 9 6 10 11 4 9 7 12 53 
Thy SE e he ee 10 11 12 12 9 12 4 5 54 
a re ce ei 11 20 7 6 11 10 11 ll 56 
RSE eee Ree 12 6 15 13 13 11 7 63 
INGE EET SEG Sauce Pa 13 9 16 15 10 14 10 13 78 
(Oe aes Reee eae eae 14 11 14 16 16 17 8 80 
DIVE SES SAS ARS 15 7 11 10 18 20 9 16 84 
Mie Eee BE ee Shee 16 6 20 19 15 13 7 12 86 
OPE Sana eer oumtear 17 6 17 17 14 15 12 12 87 
12) eae AO EE Si Say reas 18 6 18 18 20 16 16 14 102 
Wie gilt 19 16 13 14 21 23 14 18 103 
I EN 2 SEGA OSE Sebaet 20 6 21 23 17 18 12 15 106 
PERLE haa pate Neva ret be 21 a 23 21 22 19 13 16 114 
AD ins elas Oar eal Mle 22 7 22 22 19 21 15 17 116 
VEST ES ONL. eee ds Lh 23 7 19 20 23 22 17 16 117 


No sire has the same rank in all classes. Several have the same 
rank in three classes. The smallest total of the rankings in the six 
classes indicates the sire having the best general rank. 

This method of comparing the merit of several sires for their 
ability to transmit milk and butterfat producing capacity to their 
‘daughters is not without its faults. Probable the most serious 
fault is in allowing average production of milk and of butterfat to 
have equal weight with the average increase of milk and butterfat 
yield and the percentage of daughters that were better than their 
dams. ‘These last two qualifications would appear to measure fairly 
the influence of the sire; but the first qualification, the average yield 
of daughters, may be due to a very great extent to the influence of 
the dams. 

An illustration. of the influence that the high average production 
may have in the final rankings is shown in sires Q, T, Me O, and P, 
whose final relative rankings are near together. The average pro- 
ductions of milk and butterfat of the daughters of these sires are 
given in Table 6. 


TaBLE 6.—Production of daughters (and their dams) from five sires with com- 
parative rankings shown 


Daughters Dams 
Sire Rank 5 
ilk Fat Milk Fat 
Pounds Pounds Pounds Pounds 

(O) 5 EOE, SE GES eA NE of at: SN Deen, Mame 5 14 17, 613. 6 585. 7 17, 249. 3 589. 6 
i Mae Dect tt fle, th ite gles: EB Slee 8 a OT or gain anata oie teny 15 18, 542. 0 634. 5 18, 811. 4 685. 8 
BIN Tips i sth a nc Na pAb avi ake pa ee 16 14, 825. 2 O2an0 14, 015. 8 492.9 
Or ue ann ie eg wig eyFh ln ale iy 17 15, 676. 6 556. 3 14, 783. 7 543. 1 


ee eae a vey ee Ee ne a se 18 15, 584. 6 632.2 |. 16, 328.7 525. & 
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Thus sires Q and T, who decreased the average butterfat yield of 
their daughters, have a higher ranking than do sires M, O, and P, 
who increased the average butterfat yield of their daughters. This 
is brought about largely through the much higher average yield of 
miik and butterfat of the daughters of the sires Q and T, though the 
relative ranking among these five sires in the percentage of daughters 
better than their dams is high for sire Q in both milk and butterfat 
and for sire T in milk. | 

Such inconsistencies do not appear in the rankings of the other 
sires, though the final ranking is not always in the same order as the 
amount of the average increase or decrease of the daughters for any 
one class. 


THE STANDARD DEVIATION AND COEFFICIENT OF VARIABILITY FOR BUTTERFAT YIELD 
OF THE DAUGHTERS OF THE 23 SIRES AND OF THEIR DAMS 


Judging by the records of the daughters of the 23 sires in this study, 
it is not to be expected that any sire, at this stage of breed improve- 
ment, will get daughters all of which will have the capacity to make 
uniform records of any certain standard. This is true regardless 
of how uniform the production records may be of the dams to which 
a sire is mated. A study of the detailed records given in Table 2 
readily shows the great variation in the producing capacity of 
each sire’s daughters. It is not strange that there ahGuke be such 
a great variation when the double nature of the hereditary make-up 
of each individual is considered and when we realize how few matings 
are made where the animals are known to be homozygous or pure 
in their inheritance for the desired characters. If a sire’s inheritance 
for a character, such as milk and butterfat producing capacity, is 
not homozygous, so that he can not transmit to each of his offs ring 
the same capacity for production, and then if this sire is mated to a 
group of dams, each of whose 30 ancestors in 4 ancestral generations 
show varying degrees of producing capacity, it is not surprising that 
the offspring should show a wide variation in producing ability. 

It would seem that a prepoteni sire, saateds to a group of cows 
having a considerable range in producing capacity, would get 
daughters showing greater uniformity of production. The standard 
deviation * and the coefficient of variability of the butterfat yields 
of daughters, and of their dams, as given in Table 7, does not show 
that the sires who decrease the coefficient of variability were any 
more prepotent in increasing production as measured in Table 5, 
than were the sires who increased the variability of the butterfat 
producing capacity of their daughters. The dams to which sire N 
was mated had a standard deviation of 148 pounds butterfat, whereas 
his daughters had a standard deviation of only 76 pounds butterfat— 
a decrease in the coefficient of variability from 25.22 per cent for 
the dams, to 12.57 per cent for the daughters. Yet sire N ranks 
ene in prepotency for producing capacity as measured in 

able 5. 

On the other hand sire I’s daughters show a standard deviation of 
170 pounds butterfat as compared with a standard deviation of only 
62 pounds butterfat in their dams. The coefficient of variability is 
increased from 11.56 per cent for the dams to 26.91 per cent for the 


? “Standard deviation” is a term used in statistical calculations to denote a mathematical measure of 
the variability of the items in a group from the mean, or average, of the whole group. ‘‘ Coefficient oi 
variation”’’ is an index of variability appearing in the form of rate per cent. 
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daughters. Sire I ranks ninth in prepotency among the 238 sires as 
measured in Table 5. The daughters of sire EH, who ranks first in 
prepotency for production capacity in Table 5, show a greater 
coefficient of variation than do their dams. ‘This is also true of the 
daughters of sire B, who ranks second, but the daughters of sires 
C, D, and A who rank third, fourth, and fifth, respectively, in Table 
5, all show a smaller coefficient of variation than do their dams. 
Thus it will be seen that greater or less uniformity of production of a 
sire’s daughters as compared with that of their dams is no indication 
of the sire’s prepotency for producing capacity. 

The smallest variation of production in butterfat in any group of 
daughters is found in the daughters of sire U, that have a standard 
deviation of only 30 pounds butterfat and a coefficient of variation of 
6.68 per cent. Sire U ranks twenty-second in the 23 sires for pre- 
potency, according to Table 5. Sire I’s daughters show the greatest 
variation—-standard deviation 170 pounds butterfat—in any group 
of daughters, as well as the greatest increase in coefficient of variation 
as compared with that of their dams. ‘The daughters of sire G show 
the second greatest standard deviation among the groups of daughters, 
with 161 pounds. Sire G ranks eighth among the 23 sires. Neither 
the greatest nor the least variations among the groups of daughters, 
nor the amount of variation among daughters as compared with that 
of their dams, is indicative of the prepotency of the sire in trans- 
mitting producing capacity. This will probably be true as long as 
the sires and dams that are mated are heterozygous in their hereditary 
factors controlling producing capacity. 


TaBLe 7.—Standard deviation and coefficient of variation of butterfat records of 
the daughters of each of the 23 sires, and of the dams of the daughters; also the 
increase or decrease of coefficient of variation of the daughters of each sire as com- 
pared with that of their dams; and the rankings of the sires as in Table 5 


Daughters Dams Increase or 
Ben GENRE UM eros a ecnAin| Cmmaae een alu oars, Rests A OCEASG ID 
Sire coefficient Hank of 
Standard | Coefficient} Standard | Coefficient of : cS 


Geviation |of variation] deviation |of variation] variation 


Se ee — 


Pounds Per cent Pounds Per cent 
90. 9 13. 81 85. 0 


AE PE OTE ee Ce EO Ei UN Ae 0. : 18. 20 —4, 39 5 
1 Bicep eae cae Veh De Dy eaten, UE 131.9 17. 69 80. 6 13. 85 +3. 84 2 
Cie a EN Bud eal LR es oh 100. 8 12. 81 113. 4 17. 50 4109 3 
IIB ek SY AR Se Se cin 95. 6 13. 88 128. 9 22. 94 —9. 06 4 
Bipasha eae ie eae A BN 103. 1 13.15 25. 6 3. 85 +9. 30 1 
} Dy oN 9 eth dp RI Ra 144, 7 19. 03 92. 6 14, 22 “4-4: 81 6 
GRC i LE VA NE OE 161.9 20. 34 110. 5 11. 54 +8. 80 8 
He Eee EC AV SE eer 68. 7 10. 42 78. 5 13. 84 Oued 7 
LEE Bie A eeeaae & SONS een ane 170.3 26. 91 62. 7 11. 56 +15. 35 9 
EA Bo SOE aye a, At es NEL 158.0 21. 48 217.7 33. 05 —11. 57 11 
RCH a i le ES a et a A 107.4 17. 25 91.2 16. 63 +0. 62 12 
Mesa aeeesa Se EC a ace 99. 0 15. 88 86. 1 14. 87 +1. 01 10 
JAM Le po ere ge app Oe CHa nee ap 47.0 8. 98 CORE 14. 73 —5.75 16 
UN re ted ate, Os Da 76.3 12. 57 148.7 25. 22 —12. 65 13 
Oy rireeat sl Wel uated 2 Mies aN Sale 136. 7 24, 58 142.9 26. 31 —1.73 ile 
2 asec ce at I Sa ee een 95. 7 17. 98 66. 9 12.70 +5. 28 18 
Oe Se Fiore ad La ee 95. 8 16. 35 80. 3 13. 61 +2. 74 14 
1 RY Spe a, Desa anes ag gain Adee tae 61.5 11. 90 63. 1 14. 25 —2. 35 20 
RS Neg a ES Ua asada 61. 0 12. 09 64.3 12. 00 +0. 09 21 
Bee: OW ORE See eter OL SEs Leys 71. 2 11. 22 35. 5 5. 16 +6. 06 15 
UR OS ae en AAD Ue Ua ye NE 30. 2 6. 68 78. 0 15. 28 —8. 60 22 
Ni ane Ronn Cte or ERED Bl WO oe 48. 5 9, 55 ETI 13. 66 =—4, 11 23 
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PREPOTENCY OF THE SIRE 


The available records do not indicate whether a sire can be com- 
pletely prepateab in raising the production of his daughters, for the 
reason that comparatively few of the tested daughters of the various 
sires have dams that have been tested. ‘Then, too, the lewest- 
producing daughters of a sire may not be tested, for it is doubtful 
whether some breeders would test a low-producing daughter of their 
herd sires. When the dam of a tested daughter does have a record, 
information is not available to show whether the dam’s record was 
made under as favorable conditions as was the daughter’s record. 
Although the information relative to the conditions under which the 
dams and daughters were tested is not available, and it is not known 
whether the poorer-producing daughters of these sires were tested, 
the information contained in Table 8 should be of interest. It 
shows the number of each of the 23 sires’ daughters that increased and 
the number that decreased the yield of milk and butterfat, and the 
percentage of butterfat in the milk as compared with the yields of 
their dams. 


TABLE 8.—Number of each sire’s tested daughters that increased or decreased the 
milk and butterfat yteld and the perceniage of butterfat, as compared with their 
dams ; 


Number A F Percentage of 
A Milk yield butterfat Total butterfat 
: daughters 
Sire with | 
tested In- De- In- De- In- De- 
dams creased | creased | creased | creased | creased | creased 
INLET ee CEE ena 5 4 1 4 1 4 1 
[Se Use c ee ce seers ete 2 eee 13 li 2 8 5 11 2 
Cees See ee MR Ec eS he SINS TR 12 10 2 Ui 5 9 3 
NN) Fagen: tye ats ue ee ee 9 7 2 4 5 8 1 
BU ce ace ene rg oe tne te ee 6 6 0 4 2 6 0 
TOU ae ale a ea ea SH 9 7 Z 14 14 7 2 
(pe Sag BeBe a se 7 3 4 4 3 5 2 
JG Fs ie ee RS ieee tte Rae ee 6 5 1 2 4 5 1 
JOS Jd ee ch ea hc Repeal 6 4 2 1 5 4 2 
3 SS OR aS Be eee ae 20 11 9 1415 14 14 6 
SEG Sh ety Sed Le, eee 6 4 2 6 0 5 if 
SoS ie ee alee ete Jo BE or li 9 2 2 9 9 2 
1 iets Raita Wo a ie ame eh ere eae UR 6 4 2 2 4 4 2 
AN pee eer US Ses el ae eer 9 5 4 13 15 5 4 
(0 a yes Share eae ah ee 6 3 3 3 3 4 2 
1 pai et SA rye seep co ct Sc 6 1 6 5 1 3) 3 
(0 YEMEN OS NS area ety GP Dantes 11 ¢ 4 13 17 8 3 
1 RU es pier pe 20 ve remmeare, Oo Or, ea 6 3 3 2, 4 2 4 
{SCR Si Fin AR eh Be pee 7 3 4 3 4 2 5 
Uy Diets Sarniee Re che wd eae RU tae 7 4 3 i 6 2 5 
UO is es © pd at ce aetna oe es 7 2 5 ik 6 1 § 
Vice Ma Rte es Ae Nae a Se 7 1 6 5 2 2 5 
SV en Ee se 16 5 li 2 14 2 14 


1 One daughter had same test as dam. 


In Table 8, the second column gives the number of daughters of 
each sire that have yearly records and have dams with yearly records. 
In the column headed ‘“ Milk yield” is shown, on the left side, the 
number of daughters that made larger milk yields than their dams, 
and on the right side the number of daughters that made smaller 
yields than their dams. Similar comparisons are given in the columns 
headed ‘Percentage of butterfat’’ and ‘Total butterfat.” In the 
column headed ‘‘ Percentage of butterfat,” it will be noted that the 
number of daughters increasing and the number of daughters decreas- 
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ing the percentage of fat does not always equal the number of tested 
daughters given in the first column. The difference represents the 
number of daughters that had same test as their dams. 

No sire in this list is completely prepotent; that is, no sire has all 
his tested daughters better than hein dams in yield of milk, per- 
centage of butterfat, and yield of butterfat. Sire EH is the only one 
that increased the milk and butterfat yield of all his tested daughters 
over the yields of their dams, but only four of his daughters had a 
higher percentage of butterfat than their dams. Several sires in- 
creased the milk yield of a great majority of their daughters. For 
example, one sire increased the miik yield of 4 out of 5 daughters; 
another sire increased the milk yield of 11 out of 13 daughters; 
another 10 out of 12 daughters; another 9 out of 11 daughters; and 
another 7 out of 9 daughters. 

Some sires were also prepotent in decreasing the milk yield; for 
example, one sire decreased the milk yield of 5 out of 6 daughters; 
another, 6 out of 7 daughters; another, 11 out of 16; and another, 
4 out of 7 daughters. 

Four sires were prepotent in influencing the percentage of butterfat 

in the milk of their daughters. One sire’s daughters had higher 
percentages of butterfat than their dams in every case. On the 
other hand, two sires had 6 out of 7 daughters with lower percentages 
of butterfat than their dams, and another sire had 14 out of 16 daugh- 
ters with lower percentages. 
_ Only nine sires had a majority of their daughters with higher 
percentages of butterfat than their dams. There were 15 sires that 
had over half their daughters with a larger yield of milk than their 
dams, and 16 sires had over half their daughters with a larger yield 
of butterfat than their dams. 

This study indicates that some sires are capable of increasing in 
the great majority of their daughters both the yield of milk and the 
percentage of butterfat in the milk over that of the dams. Some 
sires may increase the yield of milk in the majority of their daughters 
and decrease the percentage of butterfat. Several sires decreased 
both yield of milk and percentage of butterfat in the milk. Fewer 
sires were pee paten in increasing the percentage of butterfat in 
the milk of their daughters than in increasing the milk yield of 
their daughters. No sire in the list increased both the milk yield 
and the percentage of butterfat in the milk of all his daughters, or 
decreased the milk yield and the butterfat percentage in the milk 
of all his daughters. 


METHOD OF BREEDING AND RECORD OF DAM AS INDICATIONS OF 
A SIRE’S BREEDING ABILITY 


Table 9 shows the 23 sires listed in the order in which they were 
ranked on the basis of comparative production of milk and butterfat 
of their daughters, as in Table 7. The record of the dam of each 
sire is given first. The next column shows whether the sire was 
inbred, line bred, or outbred; and the last two columns give this 
same information for his sire and his dam. ‘The figures in the last 
three columns refer to the popular expression “‘common blood,”’ 
meaning the percentage of common ancestry that appeared on the 
sire’s and dam’s side of the pedigree in five ancestral generations. 
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TaBLE 9.—Method of breeding of each of 23 sires and records of their dams 


Record of his dam 
How this bull was | How his sire was | How his dam was 


Sire bred bred bred 
Time Milk | Butterfat 
Pounds 

1 OFS Seer INO; RE CORGE | oases ete | eens Line bred (28.1 1)____| Line bred (25 1)_____ Line bred (81.2 1). 
Bass (aayss= = 25: 04-| -Outbred (18:75 1) 22) -Outbrede=:.. 2-22. Outbred. 

Sige Ma oes an doze:-- 22.1 | Line bred (34.37 1)___| Inbred (501)_:--..._| Line bred (25 4). 
1D ecg gee te a 2 \Line bred (34.37 4)___| Outbred__..........| Outbred. 
eset (AG ay Sas: G25 P Outbredt esas as Line bred (43.75 1)___ Do. 

BEN Sasa ewe CO: 24.4 | Inbred (56.24 !)______| Line bred (25 1)______| Inbred (50 }). 
1g Poses eee Gos 2 20325 OUT DReG ee ee Owthbred2ssss2aee = Outbred. 
Gere GOs 2050 | eeees Oe Seen eee Line bred -(26.31 1)___ Do. 
eee ae [acts Coz sets DAG teens GQ23 £23k SEG Outbreds = sss | Do. 
1G al eas do=eees DA igi | erase (6 Uo pneste ete to ieee nora as 3 COS2 Gio aS pees Do. 

BGO E eee 28. 4 
ee {5 Ore ee \ do ee ee Me Outbred (18.75 1)_-_-| Outbred (18.75 1). 
| een a INOSECOL Gans eae |e eee Outbred= See ee Owibreds == Outbred. 
INS See WAYS. = 22 = 16.7 | Line bred (28.12 1)___|____- GOSia yo Ee Line bred (43.751). 
(Oe INO Me Cong alee sea a aa Se aeeae QOuwmbbre diss ee a eae ORAS saree Outbred. 
Ug ET 7 days.---- Cec ee ee GOEL ass a GO 22) Se ea Do. 
Det Oe 2509.7 |}Line bred (31.25 1)___|_.... do.diad Ui Do. 
Ons 7 days... 15.87 | Inbred (65 1)________ Line bred (21.87 1)___| Line bred (25). 
NS ecpetal | aes doetrs 21.0 Outpred].22 isn Outbredi ras Outbred. 
BWiae See doszGes 22 Inbred (62.49 1)______|-___- GO LSS See Es Sees Inbred (75 1). 
ak “eaten eee 05 204s PO Ub OTe ds epee ee ee (00 aear e e Seie Dea Outbred. 
See ee Gomseacs 2053" |-Outbred: (255) sae 0 (oye taedemins ie hal Do. 
Vises | Ss dO 165257 |SOutbred ses Ss e222 |e GOS Satie tee. Do. 
pera dose=see= 197425 -inespredu(sib)) 2224 ssa O eee eee ees Do 
1 Per cent common blood. 2 At 11 years 1 month. 


On the basis of the dam’s records one would hardly be able to 
select the best breeding sire from the first group of 10. These rec- 
ords, however, average hiyher than the records of the dams of the 10 

oorest sires. The records of the dams of the 10 poorest sires do not 
ollow any more closely the ranking of the sire according to merit 
than is the case with the 10 best sires. 

It is hardly to be expected that the mere fact of an individual, his 
sire, or his dam, being line bred or inbred would cause him to be more 
prepotent than if he were outbred; that is, without any concentra- 
tion of blood lines. In order that the line breeding or inbreeding may 
have a favorable effect on prepotency it would seem necessary that 
the individual which appears more than once in the ancestry be an 
animal of superior breeding ability. It is a common belief, however, 
that the mere fact that a sire is outbred militates against the chances 
of his being prepotent. Three of the five sires heading the list in 
Tables 7 and 9 were line bred, the second and fifth each being out- 
bred. Fourteen of the 23 sires are classed as outbred. Six of the 
first 10 sires are in this class and 6 of the last 10 sires are also classed 
as outbred. 

The pedigree of any individual is only an indication of what the 
transmitting ability of that individual, for milk and butterfat pro- 
duction, may be. Until such time as we have pedigrees in which the 
sires have a sufficient number of tested daughters from tested dams, 
so that their breeding performance can be analyzed, as has been done 
with these 23 sires, predictions can not be made with much certainty 
as to the transmitting ability of any untried individual. When 
animals are produced with pedigrees in which all the sires for several 
generations have ability to transmit, such as sires HK, B, and C dis- 
played, then it will be fairly certain that the majority of the bulls 
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bred will be prepotent. It is more difficult to judge the transmittin 
power of the dams, because of their limited number of offspring, an 
also because very often many otf the offspring will be by one sire. 
On the other hand, the sire has a considerable number of offspring, 
usually from different dams, so that his transmitting ability can be 
more accurately gauged. 

A sire’s transmitting ability is determined by the chance inherit- 
ance of factors governing production, which he received at the time 
of his conception. Shou a he by chance have received all his in- 
heritance governing production from some of his ancestry which 
carried only factors for low production, then he will transmit only 
low production to his offspring, regardless of how many high-produc- 
ing ancestors he may have. 

Once a bull has proved himself to be a poor sire it would seem that 
there is little chance of his transmitting any of the ability of his more 
worthy ancestors. 


WHICH PARENT HAS THE GREATER INFLUENCE ON MILK YIELD, 
BUTTERFAT PERCENTAGE, AND BUTTERFAT YIELD? 


A study was made of the correlation between the daughters and 
their dams, with respect to total yield of butterfat, for each of 23 
sires having 6 or more tested daughters from tested dams. The 
results of this study are shown in Table 10. The correlation coefhi- 
cients range from —0.39 for sire N to +0.90 for sire P.4 


4 Perhaps a brief explanation of the meaning of correlation should be made before discussing Table 10. 
A correlation coefficient shows to what extent the variation in one character follows or is coordinated with 
the variation in some other character. For example, many are of the opinion that in order to get high 
production in dairy cows we must have large cows’ If this assumption is true, then there should be a 
positive correlation with respect to production and size. If milk and butterfat were produced more eco- 
nomically with small cows then there would be a negative correlation with respect to economical production 
and size. Or, a correlation coefficient may indicate to what degree the same character, such as yield of 
a pe Dutiel (ay, exists between parent and offspring; and that is the thing intended to be determined in 
this table. 

This relation of the yield of milk and butterfat between parent and daughters is expressed as a coefficient. 
If a high yield of milk or fat in the dam is followed by a correspondingly high yield in the daughter, the 
correlation would be perfect and the coefficient would be 1. If, on the other hand, the highest-yielding 
daughters all came from the lowest-yielding dams, and the lowest-yielding daughters all came from the 
highest-yielding dams, then there would be a perfect negative correlation and the coefficient would be —1. 
Again, if there is no relation between the yield of the daughter and the yield of her dam, indicating that 
there is no correlation, then the coefficient would be 0. It is seldom that a perfect correlation is found; 
usually the correlation is between 0 and +1, or between 0 and —1. 

The correlation coefficient is arrived at by a rather complicated mathematical formula. It expresses in 
mathematical terms the extent of the relation which exists between two characters, or the extent to which 
a character is common to two individuals. If the coefficient is low, it indicates that there is very little 
relation; if it is high, there is a close relationship; and if it is so high as to indicate a perfect correlation, 
then it may be said that one is probably the cause of the other. The correlation coefficient when expressed 
in writing is followed by the probable error; that is, the amount to be added to or subtracted from the 
See eae coefficient to get the two limiting figures within which there is an even chance that the true 
value will lie. ; 

Ee following rules are suggested in Babcock and Clausen (2) for the interpretation of coefficient of 
correlation: 

He uf r (the coefficient of correlation) is less than the probable error, there is no evidence whatever of 
correlation. 

Z If i is more than six times the size of the probable error, the existence of correlation is a practical 
certainty. 

3. In cases where the probable error is relatively small: 

a. If ris less than 0.3, the correlation can not be considered at all marked. 

b. If r is above 0.5, there is decided correlation. 
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TABLE 10.—Correlation between daughters of each sire and their dams with respect 
to total yield of butterfat 


Number} Average produc- Standard deviation 


of tion of butterfat Correlation 
Sire Gatgh=+ fe swat is CR eee eas te Dante, ARIES Debween 
ters with daughters 
sen! e 
yearly | Daugh- | Dams Daughters Dams and dams 


£19. 3 85. 0 +18.1 | —0. 09-6. 30 


PAS eee ees 5 657.9 466. 9 90. 9 
Bassett hoe ta | 13 745. 3 581.5 131.9 =E17. @ 80. 6 10.7 | —0.23=40.18 
0 Bee ee eee | 12 786. 6 647.9 100. 8 +13. 9 113. 4 15.6 | -+0.170.19 
Dee a eee 9 688. 7 562. 4 95. 6 +15. 2 123.9 20.5 | -+0. 60-40. 14 
IHS 5 FESS fF Fes 6 783. 9 663. 5 103. 1 =E20. i 25. 6 5.0] +0. 15+0. 27 
TD as ae 9 760. 3 651.3 144.7 £23. 0 92. 6 14.7 | -+0.71=0. 11 
Coe sae ee 7 795. 9 697.2 | ~ 161.9 =E2972 110.5 =19.9 | -+0. 43-40. 21 
Ee 2 a ee Be 6 659. 4 587. 0 68. 7 13.4 78. 5 15.3 | -+0. 48-0. 21 
1 ips ent aes hee ees 6 632. 8 541.8 170.3 +33. 2 62. 7 12.2 | -+0. 47-0. 22 
DEES Oe REY ee 20 735.3 658. 7 158. 0 +16. 8 217.7 23.2; +0.3440.13 
1 eae 6 622. 2 548. 3 107. 4 =E20. 9 91.2 17.8 | +0. 670.15 
1 pts Sos ie reat 11 623. 6 578. 8 99. 0 14.2 86. 1 +12.4 | -+0.71-0. 10 
Wise ee ee 6 523. 5 462.9 47.0 9. 2 72.7 +14.2 | —0.22=-0. 26 
iS fuse eo eras ees 9 607. 2 589. 7 76. 3 =E12.1 148.7 23.6 | —0. 39-40. 19 
(SRS 2 eee 6 556. 3 543. 1 136. 7 26. 6 142.9 +27.8 | +0. 51-0. 30 
[Pees for week 6 582. 2 525. 8 95. 7 18.6 66. 9 13.0 | -+0. 90-40. 05 
Coe es ae ae 11 585. 7 589. 6 95. 8 +13. 8 80. 3 11.5 | —0. 150. 20 
Pen ees oe | 6 432.3 442.7 51.5 +10. 0 63. 1 12.3 | -+0. 6640.16 
Sate. Bra tek 7 503. 8 536. 0 61.0 E11. 0 64.3 +11.6 | +0. 0940. 25 
6S Se eee 7 634.5 685. 8 71.2 +12. 8 35.5 +6.4 | —0. 270.24 
Uae es eis tf 452. 3 510. 5 30. 2 =£5. 5 78. 0 +14.1 | —0.23=0. 24 
EE Ls See es 7 503. 0 568. 5 48.5 8. 7 77.7 +140 | +0. 060. 25 
5 SE eee eaten 16 621.2 693. 5 89. 4 +10. 7 61.6 7.3 | +0. 0640. 16 
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The number of tested daughters that these 23 sires have is rather 
small for the determination of a coefficient of correlation that is 
reaily indicative. _A study of the coefficients of correlation between 
the daughters and their dams indicates that with the daughters of 
three sires there is a marked correlation. These three decided cor- 
relations are between the daughters and their dams of sire L (+0.71 
+0.10), sire F (+0.71 40.11), and sire P (40.90 40.05). The last 
is the most significant of the three. In Table 2 it may be noted 
how closely both the milk and butterfat yields of the daughters of 
sire P follow those of the dam (from the highest daughter out of the 
highest dam down to the lowest daughter out of the lowest dam). 
The ranking of the records of the dams according to size of record 
does not follow that of the daughters so closely with the other two 
sires, though the similarity of sequence is very apparent. 

The daughters of four other sires show evidence of correlation with 
their dams with respect to yield of butterfat, though the probable 
error is rather high. ‘These four sires are: Sire D (+0.60 +0.14); 
sire H(+0.48 +0.21); sire K (+ 0.67 +0.15); sire R (+0.66 +0.16). 

A study of the records of the daughters of these bulls and their 
dams indicates somewhat the same general ranking of the dams’ 
records with reference to size as that of the daughters; for instance, 
with 2 of the 4 sires the lowest-record daughter is out of the lowest- 
record dam, and with 3 of the 4 sires the highest-record daughter is 
out of the highest-record dam. 
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Of the three sires whose daughters have a distinct correlation with 
their dams relative to butterfat yield, all have daughters with a 
greater average yield than their dams, though in the case of the 
daughters of sire P this average increase ‘amounts to only 6.4 pounds, 
whereas the average milk yield of his daughters is somewhat less 
than that of their dams. The four sires whose daughters show 
evidence of correlation have daughters with rather a large average 
increase in both milk and butterfat yield over their dams, excepting 
in the case of sire R, whose daughters show a deerease in butterfat, 
owing to a lower percentage of fat in the milk. With sires whose 
daughters had smaller average yields of butterfat than their dams, 
the daughters show no correlation at all with their dams with respect 
to butterfat yield. 

Does the correlation coefficient indicate the relative influence of 
the parent on the ofispring? Does the fact that the daughters of 
sire P show a correlation of +0.90 to their dams in butterfat yield 
indicate that the dams had far greater influence on their producing 
capacity than did sire P? Where there is no significant correlation 
between daughters and dams, meaning that the size of a daughter’s 
record does not have any particular relation to the size of her dam’s 
record, does this indicate that the sire is exerting greater influence 
on the producing capacity of the daughters than are the dams? 
If so, what would a marked negative correlation indicate, a case 
where the lowest- -producing daughters were from the highest- 
producing dams, and the highest-producing daughters from the 
lowest-producing dams? The daughters of sire N are the only ones 
showing any significant negative correlation, though the probable 
error is so great as to neutralize its signi ificance. ‘The relative rank 
of the coefficients of correlation of the daughters of each sire to 
their dams in butterfat yield is shown in Table. 11, and in comparison 
is shown the relative rank among the 23 sires as given in Table 5. 
The sires are ranked in this table according to the size of the coeffi- 
cient of correlation without regard to the significance of the probable 
error. It should also be remembered that in ranking the sires in 
Table 5 milk yield as well as butterfat yield were considered. 


Tasiy 11.—Rank of sires according to coefficient of correiation between daughters 
and dams with respect to butterfat production, and the comparaiiwe ranking of 
sires as in Table 5 


| Coefficient of ie Coefficient of 
carn correlation of Bale ot 3 correlation of | Rank of 
daughters pir es at ue daughters Sires in 
; Table 6 Tey Table 5 
to dams to dams 
] erry a ee wy Ce INC ae +0.90 -40.05 SUS el SEA cea tl ae cet Dna tes +0.15 -£0.27 1 
1} SS speeies eee ees 4-90.71 -+40. 11 GROANS parlance) as iirces Lie ela ace 0h 0.69 +0. 25 21 
L Peres steel) ee Hoagie Oe Oe +0.71 -40.10 10 || AV Vii Sh NE ae RRS eee +0.06 -=t0.16 19 
DECI AS ches ee +0.67 -40.15 ITPA HIS NVA ters AS CNHs eee a ee ON 0.05 0. 25 23 
Rene As Om | +0.66 £0.16 DOS GAG CWS Et CARD —0.09 0.30 5 
EY) pes rine ack smn ite. aa co | +0.60 -0.14 CAN yal ah es aC UM tet pe aay at —0.15 -+0. 20 14 
Oy Saat taeeage Seem UiiD +0.51 -+-0.39 UZ aUN TANI EAGS er pal Se Sea a a —0.22 0.2 16 
TS GSS ee 2 +0.48 +0. 21 TIN FLOP a Race Ma pe Cte ee —0.23 -+0. 24 22 
Sie AE ei Manet eo aN +0.47 -=-0.22 OF bial Bites timate NN eal Lee ecu —0.23 -+0.18 2 
(CES Ak AG EE Oe. | +0.43 -+0. 21 EF aoe sie ys eat ag heal —0.27 +0, 24 15 
I a Ns a Ra clea +0,.384 -+0.13 OU PUTS UGS, ca) Say le ae we ey ue ee —0.39 +0.19 13 
(Citta a siecle, oa hol ER itty +0.17 -40.19 3 || 
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The sires in Table 11, ranked according to the size of the apparent 
correlation coefficients of their daughters with respect to butterfat 
yields, are divided in Table 12 into the three following groups: 


(1) Eight sires in group, from sire P, coefficient of corrélation 
+ 0.90 to sire H, coefficient of correlation + 0.48. 
(2) Eight sires in group, from sire I, coefficient of correlation 
+0.47, to sire V, coefficient of correlation +0.06. 
(3) Seven sires in group, from sire A, coefficient of correlation 
—(.09, to sire N, coefficient of correlation — 0.39. 
In each group, the sires are arranged in the order of their ranks as 
found in Table 5, and with each sire is given the average increase or 
decrease in pounds of butterfat. 


TasLE 12.—Sires divided into three groups according to correlation of daughters 
and dams, showing increase or decrease in butierfat production of daughters (each 


group in order of ranking) 


Group 1 Group 2 Group 3 

Sire Change Sire Change . Sire Change 
in butter- in butter- in butter- 

fat pro- fat pro- fat pro- 

Letter Rank | duction Letter . Rank | duction Letter Rank | duction 

Pounds Pownds Pounds 
dD epee eee 4 =o eb eee eee 1 =H 1200441) Bes eee ees 2 +163. 8 
Te tae ea ee 6a] 5 OOO GC tee eee Be ep B iy || ACES ee es 5 +191. 0 
1 Eo Ne saath 7 at OD Aes Wea ee 8 =f O8e (aleINi en ee eee se 13 +17. 5 
A Lease a aed Sere 10 AAG Rey Ss] Chee err sey 9 OL. Quill @reaa ray Sor eee 14 —3.9 
Gre oh Ian Sa nee 12 aes OM Uiessesee se seces 11 = 7 Gn Gullibees ees one 15 —51.3 
ORS eA are 17 HET ED lll a WM pencene ee webs cee 19 Ea Pea Kd capi re yee ee 16 +30. 6 
| BA ora ae ites eee 18 = eA eal ees meee 21 OOH Dill ote ses 22 —58. 2 

Wyse ra crac erage 20 cal KO er Geil AV se ae oir Scene 23 —60. 5 


In Group 1, where the apparent correlation between daughters and 
dams with respect to butterfat yield 1s most marked, and where it 
might have been expected that the dams were exerting greater influ- 
ence than the sires on the producing capacity of the daughters, the 
sires are found to be fully as effective in increasing the producing 
capacity of their daughters as are the sires in Group 2, where appar- 
ently little correlation between the daughters and the dams exists, or 
in Group 8, where the correlation between daughters and dams is 
apparently negative. Indeed, some of the best and some of the 
poorest sires are found in each group. 

In this study the fact that the records of the daughters of a sire do 
or do not follow the relative size of the records of their respective dams 
seems to indicate nothing as to the relative influence of the sire and 
dams on the daughter’s producing capacity. 
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Tasie 13.—Rank of 28 sires according to the average yield of butterfat of their 
daughters, and rank of same sires according to yield of milk of their daughters 


Average butterfat yield 


Average milk yield 


Sire Sire 
Daughters Dams Daughters Dams 
Pounds Pounds Pounds Pounds 
(Gb ence asians or ie Dit tial ili ie 795. 9 CORO Nea eee Sanco NN iliac jor ean 23, 467. 20, 044. 4 
CPRER EPS ESTE he Pe Ns 786. 6 CATO MeO 2 eee eee oe em 22, 074. 6 18, 670. 2 
Neth We Ei ams Sl 783. 9 LS eller OS i AS OS eC a ac Se 21, 755. 4 18, 854. 1 
1 DES Ok Sa eee To BS 2 EE 760. 3 (YOU BstH SH D Fee Se ee ay ec ta Dp atails 8) 17, 580. 9 
TER ese So, esha 9 Salas Ste Loe 145-3 Ep Suse otal tas pile eset ae laas Wasaga Rs SU aN a 21, 273. 8 17, 138. 5 
Bete te! Mao aon Te rane ae ale aes 7305. 3 (Bats 7A Ii peteds Seg had ae pc pea anllee ced 20, 137. 4 19, 066. 0 
HO) B02 Soe YG SARIN eS aU GY ane a 688. 7 ES GR Pee ito eae rel ee A Re cs NN 20,034. 8 18, 912. 1 
GU eee cehlr Gans TORI Se Cae 659. 4 SCTE Or ier Re ool vera MMS Ueeeensr ash Ul cage) ae 19, 872.9 16, 957. 2 
aN eeerre Sera) UNUM et RAID a oP 657. 9 AGO Oe aAGeiik celine CMR aa) oa) Ve ete es 19, 575. 7 14, 464. 8 
BS MO ee eee Rr a ae eR 634. 5 GS Sree eal TS a eat i ek abe Sa eee 19, 128. 4 15, 467. 7 
1 Leese Sales Ot MRT emu aN esas 632. 8 CYS TTS AS) al Ul Deh atin eA LNs SIN ete daar teat 18, 542. 0 18, 811.4 
dbf 8h ah A a 628. 6 EAC Sy cid Dyas ea peat are y tah eee ea 18, 305. 6 15, 978. 0 
AEG Rasa GN NAT eb anes eh 622. 2 DAC rebel OV peer Coy uae erp alae ce L855 A. 18, 880. 6 
AS ie PR EE SS BC ea RU 621. 2 GOS OEE = eek ise Be ieee aN 17, 613. 6 17, 249. 3 
SIN ee a cS yaa ke 607. 2 Eafe NOY AP al Careers NO a men net onek MaRS 17, 418. 4 16, 355. 7 
(1a le ie 2 2 RN tN i NSD ah MEY 585. 7 DS ORG EEN acta w Manreael al oly ace Ne eis 16, 822. 9 14, 907. 5 
(OQ) RL WS. ig Ae ae SM aha Ra a ies 556. 3 BAS EsTE Hs Ofecub tres tare Hee ay interes a bop 15, 676. 6 14, 783. 7 
| ees BA aE HOTA RN, Supe) gare 532. 2 IS PAB ASSN eee eee aeuees nel mente oie 15, 584. 6 16, 328. 7 
Nd Edge Wp GE AO hes aang an ent $2385 AQDEO Alls steak pean Cerne Sauet The 15, 454. 4 17, 564. 2 
Vsti nc are i yak BE i 508. 0 ESS RSE Ea AH AT Es ae SUN PRS ober Boece as hoy 14, 825. 2 14, 015.8 
Paar ie Ie SE aN A Ne 503. 8 OOO allie ER eee ee cap 14, 175. 6 13, 991. 4 
Gf ae 2 Se A hh 2 a eee 452.3 SOS is ORs a a eee Pe 14, 046. 7 14, 666. 0 
Tage wh tdae eI ad a aa gananes 432.3 CUO YE ol | Sees eener syle er et aa 14, 009. 2 15, 117. 9 


The ranking of these sires in the order of average butterfat yield 

-does not place them in the same order as when they are ranked 

according to the average milk yield. Table 13 shows that the better- 

ee daughters were on the average out of the better-producing 
ams. 

It will be noted that there is a gradual decline in average milk 
yield of the dams in somewhat the same order as that of the daugh- 
ters, though the decline is not uniform. The average production of 
butterfat of the daughters of the 10 sires at the head of the list is 
724 pounds, and the average production of their dams is 618 pounds. 
The average production of the daughters of the 10 sires at the bottom 
of the list is 532 pounds and the average production of their dams 
549 pounds. ‘The same comparison holds with the milk yield, show- 
ing that on the average tke sires at the head of the list were mated 
with better cows than the sires at the bottom of the list, and that 
the dams as well as the sires are contributing to the inheritance that 
determines the producing capacity of the daughters. 

The number of cases, however, in which sires raise or lower the 
production of the great majority of their daughters (see Table 2) 
regardless of the production of their dams, apparently indicates 
that if the sire is homozygous for the factors that govern high or 
low milk yield he is likely to have more influence on the production 
of a group of daughters than have the dams, because of the proba- 
bility of some or all the dams being heterozygous in their inheritance 
governing production capacity. 

iiven in the case of the sire who improves approximately half 
his daughters and lowers the production of the other half, the pro- 
duction of neither the poorer nor the better daughters seems to 
follow very closely that of the dams. Take the case of sire N; 5 of 
his 9 daughters are better than their dams and the other 4 are poorer. 
Here there is something of a negative correlation between the 
daughters and their dams with respect to production; that is, his 
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better daughters on the whole are from the lower-producing dams 
and his lower-producing daughters from the higher-producing dams. 

In the list of a small number of daughters of a sire, the production 
of the daughters may not follow very closely that of the dams, owing 
perhaps to the sire’s being more homozygous for the factors that 
will govern high-producing ability than the dams with which he is 
mated. But when a large number of daughters and dams are con- 
sidered, the higher-producing daughters will as a rule be found to 
have good dams. ‘This is to be expected, for the high-producing 
dam is certain to have at least a part, if not all, of her germinal 
factors governing production, those that will determine high pro- 
duction, and she will therefore transmit high production to a part 
or all of her offspring. 

The evidence seems to point to both parents’ contributing equally 
to the inheritance governing the milk and butterfat producing 
capacity of their daughters. But if one parent is homozygous or 
pure for the hereditary factors determining high production and the 
other parent is heterozygous in its inheritance, then the homozygous 
parent will have the greater influence on the producing capacity of 
the daughter; yet this daughter will transmit to a part of her progeny 
the inheritance for low production that she may receive from her 
heterozygous parent. From two heterozygous parents, it is to be 
expected that the daughters will show a great range in producing 
capacity, from very poor to very good. 


THE PERCENTAGE OF BUTTERFAT 


Roberts (3) found a significant negative correlation between the 
percentage of butterfat and the yield of milk for Jerseys, Guernseys, 
and Holsteins, but did not find so significant a correlation for Ayr- 
shires. That is, as the yield of milk mcreased, the percentage of 
butterfat in the milk decreased. Wilson (4) studying Ayrshire 
records, concluded that the yield of milk and the percentage of 
butterfat were independent of each other. Pearson (5) also found 
a small but significant negative correlation between percentage of 
butterfat and yield of milk. 

The material for the study by Roberts was made up largely of 
advanced-register and register-of-merit records of the various breeds. 
The animals in each breed were classed according to age, and the 
correlation was between the milk yield and the percentage of butter- 
fat for the group of animals in each class. The negative correlation 
was significant for the Jerseys and Guernseys; but the coefficient 
for the Holsteins, when judged by the probable error, was not sig- 
nificant in any of the classes. 

Evidence on the question whether a bull which has the ability 
to increase the milk yield of his daughters can also increase the per- 
centage of butterfat in the milk, or whether if he increases the milk 
yield he will decrease the percentage of butterfat (as is indicated in 
. the results obtained by Roberts with Jersey and Guernsey records), 
is Offered in Tables 14 and i5. These tables show that most of the 
sires making the greatest increase in milk yield also increased the 
average percentage of fat very materially, whereas a few sires that 
increased the average milk yield of their daughters decreased the 
percentage of fat. Several sires whose daughters showed an average 
decrease in milk yield also had a decrease in percentage of fat. In 
those cases where the daughters showed the greatest decline in milk 
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yield (see sires S and V), the increase in percentage of fat was very 
small. In the daughters of sire G, the sire showing the greatest 
average increase in percentage of fat, there was an average increase in 
milk, as was also the case with the daughters of sire N, the sire show- 
ing the greatest decrease in percentage of fat. These data show that 
the percentage of fat and the milk yield in Holstein-Friesian cattle 
are inherited independently, and that it is entirely possible for a 
sire to increase both the milk yield and the percentage of butterfat. 


TABLE 14.—Sires with daughters showing greatest percentage increase in milk 
yield and their percentage increase or decrease in butterfat test 


Average | Average Average Average 
increase (-++)| increase (-++) increase (-+) increase (++) 
or decrease | or decrease or decrease | or decrease 
Sire (—) in milk (—) of Give (—) in milk; (—) of 
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daughters | compared daughters | compared 
compared | with dams compared | with dams 
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KC Dev ee ny AE Lee +6.5 GAS Tid he Vere se oe ena Na ON ga i —12.0 +1. 54 
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TapLe 15.—Distribution of daughters of each sire with respect to corresponding 
increases and decreases in both yield of milk and percentage of butterfat 
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In those daughters where both the milk yield and the percentage of 
butterfat were increased over those of their dams, and in those 
daughters where both the milk yield and the percentage of butterfat 
were lower than those of their dams, there may be said to be evidence 
of a positive correlation between the yield of milk and percentage of 
butterfat. That is, the percentage goes up or down with the yield 
of milk, though whether or not in the same ratio only a correlation 
coefficient would determine. : 

On the other hand, in those daughters whose percentage of butter- 
fat increased, but the milk yield decreased, and in those daughters 
whose percentage of butterfat decreased and the milk yield increased, 
there may be said to be evidence of a negative correlation. That is, 
as the milk yield increases the percentage of butterfat decreases, and 
as the milk yield decreases the percentage of butterfat increases. 

Of the 198 daughters of these 23 sires (Table 15), 52 are better than 
their dams in milk yield and as good in percentage of butterfat; 67 have 
a larger milk yield and a lower percentage of butterfat than their dams; 
44 have a lower milk yield and either an increased or an equivalent 

ercentage of butterfat as compared with their dams; and 35 have 
Goth a lower milk yield and a lower percentage of butterfat than their 
dams. This would seem to offer fairly good evidence that the milk 
yield and the percentage of butterfat are independent in Holstein- 
Friesian cattle, though the total number of daughters inclined toward 
a negative correlation, 111, is somewhat greater than that of those 
inclined toward a positive correlation, 87. The uniform distribution 
of the daughters of each sire in these several classes would seem to 
indicate that but few of these sires were prepotent in controlling the 
percentage of butterfat. No sire has all his daughters in any one of 
these classes, and only four sires have their daughters in only two 
classes, whereas nine sires have their daughters in all four classes. 

Coefficients of correlation between the daughters of 23 sires and 
their dams, with respect to percentage of butterfat, are given in Table 
16. These indicate the extent to which high or low production in 
the dam is followed by similar production in the daughter. The 
correlation coefficients range from —0.39 for sire N to +0.98 for 
sire H. 


TaBLE 16.—Correlation between daughters and dams relative to per cent of butterfat 
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Because the daughters of most of these sires are so few in number, 
allowance should be made in interpreting the coefficients derived. 
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There is a significant correlation between the daughters and their 
dams with respect to percentage of butterfat in the cases of the fol- 
lowing seven sires (Table 17): 


TasLE 17.—Sires between whose daughters and their dams there is a significant 
correlation 


Sire Correlation Sire Correlation 
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(0) xchat ea gens anal Sale EG RG ON UA SOTO Die Ose Orillln Wieser ere eames Sse Dee Sen ee ee +0.93 --0. 04 
iioles Ques he! AERUS Be SRR ee lites +0.94 0.03 | 


This marked correlation is easily seen when the percentages of 
butterfat of daughter and of dam are placed side by side and ranked 
according to the size of the daughters’ tests, as shown in Table 18 
for the daughters of sires 5, H, and R. 


TaBLe 18.—Percentage of butterfat of daughters of sires S, H, and R, and their 
dams, showing positive correlation 
Daugh- 


Daugh- Daugh- 


Sire are Dams Sire ae Dams Sire ters Dams 
Per cent | Per cent Per cent | Per cent Per cent | Percent 
Seana ae 4. 30 eB all as & Gest ee SaD BO RI2i|| Da eee oe 3. 40 3. 53 
4.00 3. 88 3. 66 3. 74 3. 31 3025 
3. 88 3. 22 By ih 3. 39 3. 23 3.33 
3. 44 By OY uli 3. 14 3. 20 3. 53 
3. 28 3. 63 3. 04 3. 08 2275 2. 74 
3. 27 3. 34 3. 01 2. 92 2. 61 2. 74 
3.18 3. 24 


These figures show, as does the coefficient of correlation, that the 
butterfat test of the daughters of these sires follows very closely 
that of their dams. The average percentage of butterfat of the 
daughters was very close to the average percentage of butterfat of 
the dams, with each of these three sires. The average percentage 
of butterfat of the daughters of sires R and H were slightly less than 
the average of the dams, whereas the average for the daughters of 
sire S was slightly greater. On the other hand a comparison of tests 
of the daughters of other sires and their dams shows that the test 
of the daughters does not follow that of their dams. The compara- 
tive tests of the daughters of the two sires G and J and their dams, 
shown in Table 19, illustrate this point. 


TasLE 19.—Per cenit of butterfat of daughters of sires G and J and their dams, 
showing no correlation 
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The daughters of sire N show stronger indications of a negative 
correlation with respect to percentage of butterfat between daughters 
and dams than the daughters of any other sire. To some extent this 
is also true of his daughters with respect to their milk yield and 
butterfat yield, as stated before. The comparative percentages of 
butterfat of his daughters and their dams are shown in Table 20. 


TABLE 20.—Percentage of butierfat of daughters of sire N and their dams, indicating 
negative correlation 


T : { 
- | sug | 5 ; sugh- 
Sire Pagel Dams Sire ee Dams | Sire ee | Dams 

[fess are a |e — em! See 
Per cent | Per cent Per cent | Per cenit || Per cenit | Percent 
Neo seeas 3. 87 3. SLs |WINS2 ees 3. 75 4. 4A WAN 2 eS 3. 40 | 3. 54 
3. 78 3. 54 | 3. 71 3.71 | 3.38 4.32 
» 3.77 3. 55 3. 48 3. 94 | 3. 33 4,41 


It will be observed that, in general, the higher-testing daughters 
of sire N come from the lower-testing dams and the lower-testing 
daughters from the higher-testing dams. 


WHICH PARENT HAS THE GREATER INFLUENCE ON THE PERCENTAGE OF 


BUTTERFAT? 


There are a larger number of significant correlation coefficients 
between dams and daughters with respect to percentage of butterfat 
than with respect to fat yield. As explamed under fat yield, it is 
doubtful to what extent a significant correlation indicates dependence 
on either parent, because of the lack of homozygosity of the parents 
for yield or percentage of fat. There are other indications than the 
correlation coefficient showing that the dams do contribute to the 
daughters’ inheritance for percentage of fat. A study was made of 
all dams to which these sires were mated that had extremes of per- 
centage of butterfat of 3.3 or below, and 3.8 or above, and the per- 
- centage of butterfat of the daughters of the dams in these two classes. 
There were 57 dam-daughter pairs, representing 19 sires, in thé class 
for dams having 3.3 per cent butterfat or less. The average per- 
centage of fat for these 57 dams and daughters was 3.155 for the 
dams and 3.314 for their daughters. There were 33 dam-daughter 
pairs representing 13 sires in the class for dams having 3.8 per cent 
or over. The average percentage of fat for these 33 dams and 
daughters was 3.966 for the dams and 3.633 for the daughters. This 
would seem to show that the dams do contribute to the inheritance 
for the percentage of fat of their daughters. It further shows, as 
does Table 15, that the sires also contribute to the inheritance of 
their daughters for percentage of fat. 

The tables giving the srodeeticd records of the daughters of each 
sire and their dams have seemed to show that the daughters’ percent- 
age of fat follows that of the dams fairly closely. This might be due 
to the following reasons: 

(1) There may be less variability in the percentage of fat than in 
the milk yield. 

(2) The inheritance for percentage of fat may be better fixed 
(purer) than is the inheritance for the milk yield. 
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The fact that the percentage of fat and the milk yield are in- 
herited independently, at least within limits, and that both the sire 
and dam contribute to the inheritance of their daughters, governing 
both milk yield and percentage of fat, indicates that improvement in 
yield of butterfat can be brought about by selection for both milk 
yield and percentage of fat. 


SUMMARY 


A study of the transmitting ability for milk yield, percentage of 
butterfat, and butterfat yield, of 23 Holstein-Friesian sires each 
having six or more daughters with yearly records, out of dams with 
yearly records, brought out the following results: 

1. A remarkable variation between the records of the daughters 
of any sire and their dams is evidenced. Prepotency in a sire is not 
indicated by the size of the coefficient of variability of his daughters. 

2. No sire in the list shows a complete prepotency in raising or 
lowering both the milk yield and the percentage of butterfat of all his 
daughters. Some sires are capable of raising both the milk yield 
and the percentage of butterfat; some raise one and lower the other; 
and some lower both. Not so many sires are prepotent in increasing 
une percentage of butterfat as are prepotent in increasing the milk 

ield. 

’ 3. The coefficient of correlation for butterfat yield between 
daughters and dams varies widely for the different sires, regardless of 
whether the daughters of the sires are better or poorer than their 
dams. For only three sires is there a marked correlation; one of these 
sires has daughters that made an average increase of some 15 per 
cent in both milk and butterfat production over their dams; another of 
these three sires had daughters that showed an average increase of 
14.6 per cent in milk, but owing to a decrease in percentage of butter- 
fat, there was only about half that average increase in total butterfat; 
the third sire’s daughters varied little from their dams in the produc- 
tion of either milk or butterfat. 

The fact that there is a correlation between the daughters and 
their dams with respect to yield of milk and butterfat does not mean 
that the sire is not prepotent in either raising or lowering the yield. 
It only indicates that where a number of daughters and dams are 
considered, the record of the daughter will be of the same relative 
size as that of her dam, though it may be larger or smaller. For 
“instance, if a sire is mated with a cow of 10,000 pounds capacity and 
to another cow of 20,000 pounds capacity, the daughter of the first 
cow is likely to be in the 10,000 class, though she may produce from 
8,000 to 12,000 pounds, depending upon the germinal make-up of the 
sire with reference to milk yield; the daughter from the second cow is 
likely to be in the 20,000-pound class, though she may produce from 
16,000 to 24,000 pounds. 

4, When the records of a large number of daughters are compared 
with the records of their dams there is a limited correlation or a 
tendency for the high-record daughters to come from high-record 
dams. The breeding record of each individual sire indicates, how- 
ever, that a sire may be prepotent in increasing the milk yield and 
decreasing the percentage of butterfat of his daughters as compared 
with the production of their dams, or he may be prepotent in lowering 


~ 
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the yield of milk and increasing the percentage of butterfat, or he 
may be prepotent in either raising or lowering both the milk yteld 
and the percentage of butterfat. 

This ability of the sire seems to depend upon the combination of 
factors governing the yield of milk and percentage of butterfat that 
he has inherited from his parents. If he is homozygous for dominant 


factors that will determine high milk yield and high percentage of — 


butterfat, he will be prepotent in impressing these characters on his 
offspring. If he and the dams he is mated with are heterozygous for 
these factors, as most sires and dams are, a variety of combinations 
in the different offspring will follow, and they will be of varying 
degrees of producing ability. 7 

5. The percentage of butterfat and the milk yield seem to be 
inherited independently in Holstein-Friesian cattle. This is contrary 
to the findings of other investigators. The theory generally accepted 
is that, as the milk yield increases, there will be a decrease in the 
percentage of butterfat. Though this study showed that in the 
majority of cases there was a tendency toward a negative correlation, 
there was a sufficient number showing a tendency toward a positive 
correlation to indicate that the two are independent cof each other. 
It is also shown that it is possible for a sire to increase both the milk 
yield and the percentage of butterfat of his daughters. 

6. A great sire of production is one whose daughters have a high 
average yield of milk and butterfat, a high average increase in milk 
and butterfat yield over the yield of their dams, and a high percentage 
of their number better than their dams. All these things must be 
considered. No one of them alone offers sufficient evidence of the 
sire’s worth. The production of each sire’s daughters must be con- 
sidered in comparison with the production of other sires’ daughters. 
Provided a sufficient number of tested daughters are available for 
each sire the ranking system shown in this bulletin seems to indicate 
the comparative merit of the sires in a group. 

7. The production records of the dams of the 10 highest-ranking 
sires average higher than the records of the dams of the 10 lowest- 
ranking sires. In neither of these cases, however, does the rank of 
the sire follow the size of the record of his dam. 

8. Six of the 10 highest-ranking sires and 6 of the 10 lowest-ranking 
sires are classed as outbred. This seems to indicate that the mere 
fact that an individual, his sire, or his dam, is line bred, inbred, or 
outbred is not indicative of the prepotency of that individual for 
high production. 
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